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Perfected 
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The  T/i"  magnetic  projection  tri 
ode  3NP4  has  a  face  as  small  as 
a  compact  and  is  only  101*''  long. 

HERE’S  THE  OPPORTUNITY  THAT  MANUFACTURERS 
OF  TELEVISION  RECEIVERS  HAVE  BEEN  AWAITING! 

•  .  .  .  o  .  .  to  SIGNiriCAMT  r^ATUMS  .  .  . 

*  /  Flat  16"  X  12"  non-reflecting  picture  6  Manufacturers  can  most  economi 


provides  fatigueless  viewing  from 
less  than  5  feet  and  upward! 

2  Wide-angle  visihilitv  —  square 
corners. 

3  True  photographic  black  and  white 
picture  quality— no  discoloration. 

4-  Compact  unit— suitable  for  table 
model  cabinets. 

5  Long-life,  low-cost  picture  tube. 


cally  extend  their  product  range  into 
'  projection  television  by  adapting 
their  10"  EM  chassis  for  use  with 
PROTELGRAM. 

7  Easy  to  service. 

8  High  contrast  ratio  and  broad  gray 
tone  range. 

9  Simple  optical  adjustment  system. 
10  Quality  built  after,  more  than  10 

)ears  of  development. 


NORELCO  PROTELGRAM  consists  of  a  projection  tube,  an  optical 
box  with  fcxjus  and  deflection  coils,  and  a  25  kv  regulated  high-volt¬ 
age  supply  unit,  making  possible  large-size  home  projection.  More 
than  ten  years  of  exhaustive  research  resulted  in  this  ideal  system  for 
reproducing  a  projected  picture.  The  optical  components  are  de¬ 
signed  to  produce  perfected  projection  for  a  16"  x  12"  image,  the 
optimum  picture  size  for  steady,  distant  observation  and  also  for 
proper  viewing  (tt  less  than  5  feet. 


Other  NORELCO  products  include  stand 
ard  10"  direct-viewing  tubes  and  sijecial 
purpose  cathode-ray  tubes  for  many 
applications. 


IS  PICTURE  PERFECTION  IN  PROJECTION 
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•  •helps  HASTINGS  LABORATORIES 
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When  Hastings  Laboratories  engineered  a  new,  more  precise 
type  of  anemometer  some  very  real  problems  were  encountered. 
One  was  to  find  an  inside  instnunent  that  would  accurately  in¬ 
dicate  the  direction  and  velocity  of  the  wind  passing  the  anemome¬ 
ter  located  outside.  Because  of  Marion’s  recognized  reputation  for 
manufacturing  fool-proof,  trouble-free  meters  and  instruments,  it 
was  natural  for  Hastings  to  turn  to  Marion  for  this  vital  component. 

Marion  then  designed,  engineered  and  manufactured  two 
matched  meters  for  this  purpose.  Now,  matched  Marion  meters 
and  these  matchless,  new  Hastings  anemometers  are  helping 
weather  forecasters,  air  pilots  and  navigators  measure  the  wind 
more  accurately  all  over  the  world. 

When  you  have  a  problem  involving  electrical  measuring  or 
indicating  we  will  be  glad  to  have  you  turn  to  us.  We  have  helped 
others.  And,  because  we  know  “Marion”  means  the  “most”  in 
meters,  we  believe  we  can  help  you. 

THE  NAME  MARION  MEANS  THE  MOST  IN  METERS 
Write  for  complete  information 
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►  BITS  .  .  .  Claude  Shannon’s  articles  in  the  Bell 
System  Technical  Journal,  explaining  at  length  the 
important  new  concepts  on  the  bandwidth  required  to 
transmit  intelligence  in  the  presence  of  noise,  are 
destined  to  become  classics  in  the  literature  of  com¬ 
munications.  While  not  claiming  to  have  mastered 
the  subtleties  of  the  argument  at  the  present  writing, 
we  do  want  to  pass  on  the  new  word  “bit”,  a  contrac¬ 
tion  of  “binary  digit”  suggested  by  J.  W.  Tukey. 

Binary  digits,  or  bits,  are  important  because  pulse 
circuits,  whether  used  in  pulse  code  modulation  or  in 
electronic  computers,  are  most  reliable  when  they 
operate,  flip-flop  fashion,  with  only  two  states,  on 
and  off.  So  the  discipline  of  such  circuits  is  most 
easily  analyzed  in  binary  notation.  It  turns  put  that 
a  decimal  digit  is  3.32  bits.  Accordingly  the  value 
of  a  twenty-five  cent  piece,  being  expressible  in  two 
decimal  digits,  is  expressible  in  6.64  bits.  We  thought 
it  was  two  bits,  but  we  failed  to  reckon  with  Shannon  ►  GEO-RESCUE  .  .  .  Some  months  ago  we  related 
and  Tukey.  the  story  of  the  Bell  Labs  engineer  who,  lost  on  th^ 

way  to  a  dinner  party,  was  “talked  in”  to  his  friend^s 
house  through  mobile  radio  installed  in  his  car.  No\v 
comes  the  story  of  the  geophysical  exploration  party 
which,  roaming  over  the  flatlands  searching  for  suit¬ 
able  test  sites,  become  completely  lost.  Having 
explained  their  predicament  to  the  field  office  by  radio, 
the  members  of  the  party  were  instructed  to  explode 
a  charge  of  dynamite,  which  they  carried  for  seismic 
exploration,  at  a  pre-arranged  time.  The  blast,  travel¬ 
ing  through  the  earth,  was  intercepted  by  a  pattern 
of  geophones  connected  with  the  field  office,  while  an 
oscillograph  recorded  the  times  of  arrival  of  the 
shock  wave  at  several  locations.  A  short  computa¬ 
tion,  essentially  the  loran  problem  w’orked  backwards, 
revealed  the  location  of  the  lost  geophysicists. 
Informed  by  radio,  the  party  took  a  bearing  for  home 
and  got  there.  Readers  will  recognize  this  technique 
as  a  solid-land  version  of  the  sofar  system,  which 
►MKS  .  .  .  The  growing  acceptance  of  MKS  units  locates  ships  at  sea  by  precisely  the  same  technique 
in  electronic  practice  is  not  without  important  excep-  (June,  1948  issue,  p  98). 


tions.  The  IRE  technical  committee  on  electroacous¬ 
tics  has  recently  discovered  that  this  system  of  units 
has,  apparently,  never  been  u.sed  in  the  acoustical 
field  and  has  urged  that  this  omission  be  rectified 
forthwith.  Fortunately,  the  conversion  from  the  met¬ 
ric  units  commonly  used  to  MKS  units  is  accomplished 
simply  in  powers  of  ten.  But,  unfortunately,  there 
are  no  simple  names  for  acoustic  quantities  expressed 
in  these  units.  The  acoustical  ohm,  for  example,  is 
translated  literally  into  emkayess-ese  as  “joule  per 
stere  per  stere  per  second”,  than  which  we  cannot 
imagine  a  less  handy  term.  The  committee  is  now 
searching  for  suitable  short-form  names  for  MKS 
acoustic  units,  and  will  recommend  the  same  for  the 
forthcoming  revised  ASA  standard  terminology  on 
this  subject.  This  is  good  work.  Other  committees 
might  well  examine  their  fields  for  similar  omissions. 


►  DECIMAL  ...  An  old-time  contributor  to  this 
journal,  Walther  Richter,  in  a  recent  speech  coined 
a  neat  phrase  when  he  said  that  electrical  engineers 
could  be  divided  into  two  groups,  those  working  on 
the  right  side  of  the  decimal  point,  and  those  work¬ 
ing  on  the  left.  The  communications  engineer  is, 
very  largely,  a  microwatt-microvolt-microampere 
man.  The  power  engineer  is,  in  contrast,  a  kilowatt- 
kilovolt-kiloampere  character.  To  Mr.  Richter’s  apt 
division,  we  would  add  the  group  of  decimal-point 
straddlers,  the  industrial  electronic  engiheers  who 
progress  from  the  right  to  the  left  side,  taking  a 
microwatt  impulse  and  bringing  it  to  bear  on  a 
kilowatt  system.  These  electronic  universalists  are 
familiar  with  the  left  and  the  right,  and  their  num¬ 
ber  grows.  More  power  (megawatts)  to  them. 


By  THOMAS  T.  60LDSMITH,  JR.  and  HARRY  MILHOLLAND 

Dirrctor  of  Reaeareh  Senior  finiHneer 

Alien  B.  DuMont  Laboratories  Inc. 

Paaeaio,  Neto  Jersey 


For  MANT  years  photographic  ity  photographic  transcriptions  of  the  records  of  the  FCC.  Similar  I 

recording  has  been  employed  television  programs  has  emerged,  techniques,  employing  rapid  devel-  P 

by  television  engineers  to  preserve  To  meet  this  need,  DuMont  Labora-  opment  of  him,  serve  for  theater 

a  record  of  station  operation  and  tories  has  developed  a  transcription  television.  I 

outstanding  programs.  The  staff  of  system,  with  the  results  described  P 

A.  B.  DuMont  Research  Dept,  has  in  this  paper.  Teletranscriptions  From*  Synchronization  j 

been  engaged  in  studying  photo-  have  already  proved  useful  in  pro-  In  setting  up  a  teletranscription  ^ 
graphic  recording  for  over  ten  viding  delayed-broadcast  network  system,  the  choice  between  35-mm  ^ 

years.  The  early  efforts  used  still  service  beyond  the  limits  of  coaxial-  and  16-mm  film  must  be  made.  j 

cameras  or  nonsynchronous  movie  cable  and  radio-relay  circuits.  For  Ideally,  35-mm  film  is  to  be  pre-  | 

cameras  which  produced  results  this  purpose  they  will  undoubtedly  ferred  since  it  imposes  no  limitation 

suitable  for  record  purposes.  But  serve  for  many  years,  until  network  on  the  detail  of  the  transcribed  im-  P 

.the  quality  of  such  recorded  pro-  connections  are  more  widely  avail-  age.  In  practice,  however,  16-mm  | 

grams  was  not  sufficient  for  re-  able  and  less  expensive  than  at  pres-  film  is  preferab’.e  on  the  score  of  ! 

broadcast  because  of  insufficient  de-  ent.  Transcriptions  also  serve  many  economy,  not  only  in  the  cost  of  film 

tail  and  contrast  range,  as  well  as  other  purposes,  such  as  promotional  stock,  but  also  in  the  cost  and  main-  | 

stroboscopic-flicker  effects  caused  advertising,  as  aids  to  criticism  of 

by  lack  of  synchronization.  program  techniques  and  content,  _ 

With  the  coming  of  network  tele-  and  as  legal  records  including  docu-  on  a  paper  pre- 

®  .  **  sented  befo*"*  the  New  York  Convention  : 

vision,  the  need  for  broadcast-qual-  mentation  of  station  operation  for  of  the  s.m.p.e.,  October  1947.  | 
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FIG.  1 — General  view  of  tronecriptlon  equipment.  Two  unite  are  used  to  provide  tminterrupted  recordinq  of 

lenqthy  proqroms 
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tenance  of  the  camera  equipment. 
Using:  fine-grain  stock,  the  film  can 
be  exposed  and  processed  so  as  to 
retain  the  full  detail  of  the  image. 
Accordingly,  16-mm  equipment  was 
adopted  in  the  equipment  described. 

An  early  attempt  to  solve  the 
frame-synchronization  problem  re¬ 
sulted  in  a  camera  which  operated 
at  15  frames  per  second,  that  is, 
one-half  the  television  frame  rate. 
The  exposure- time  and  the  pull¬ 
down  time  of  this  camera  were  ap¬ 
proximately  equal,  so  it  photo¬ 
graphed  one  complete  television 
frame  and  skipped  the  succeeding 
one  while  the  film  was  being  pulled 
down.  This  system  produced  a  non¬ 
standard  film  which  could  not  be 
used  in  standard  24-frame  movie 
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projectors.  Moreover,  the  film  could 
not  be  used  for  rebroadcast  at  30 
frames,  because  of  the  flicker  and 
discontinuity  of  motion  caused  by 
the  missing  frames. 

This  project  was  abandoned  in 
favor  of  building  a  camera  which 
would  record  directly  at  24  frames 
per  second  from  30-frame  television 
images.  The  process  is  essentially 
the  inverse  of  the  projection  system 
usetTin  televising  standard  24-frame 
film.  The  24-frame  film  may  be  used 
in  standard  16-mm  sound  projectors 
for  nontelevision  uses,  or  in  tele¬ 
vision  projectors.  The  prototype 
camera  was  constructed.  When  the 
princip  e  was  proved,  the  prototype 
was  taken  to  the  Eastman  Kodak 
Company,  which  produced  a  com¬ 


mercial  version  of  the  camera. 

The  sound-recording  aspect  of 
teletranscriptions  was  also  a  matter 
requiring  attention.  Separate  sound- 
on-film  recording  facilities  are  em¬ 
ployed  to  assure  high  quality  of  re¬ 
production.  The  two  film  records, 
one  for  picture  and  the  other  for 
sound,  are  processed  separately,  us¬ 
ing  process  techniques  best  suited 
to  each  type  of  recording.  The  sight 
and  sound  portions  are  combined  in 
a  composite  24-frame  film.  For  doc¬ 
umentary  purposes  it  may  be  satis¬ 
factory  to  employ  a  single  camera 
with  sound-recording  facilities  in¬ 
corporated  in  it,  the  so-called  single 
system,  but  the  processing  must 
then  be  a  compromise  between  that 
■  for  best  picture  and  that  for  best 


VITA  I  kin 


sound  reproduction  quality. 

Figure  1  shows  a  general  view 
of  the  transcription  equipment.  Two 
identical  cameras  and  monitors  are 
used  to  permit  uninterrupted  re¬ 
cording  if  the  program  lasts  more 
than  one-half  hour.  Each  camera 
has  reels  which  hold  1,200  feet  of 
stock,  which  allows  about  33  min¬ 
utes  of  recording.  When  switching 
from  one  monitor-camera  to  the 
other,  care  is  tjiken  to  assure  that 
the  average  brightness  of  the  two 
monitors  is  closely  the  same.  This 
measurement  is  performed  with  a 
photographic  exposure  meter  held 
successively  in  the  same  position 
before  the  two  screens’  when  both 
carry  identical  test  patterns.  Rec¬ 
ords  are  kept  of  power-supply  volt¬ 
ages  and  beam  currents  in  the 
monitor  picture  tubes  to  assure  re¬ 
producible  results  from  day  to  day. 

Uniform  Focus 

The  monitor  circuits  and  picture 
tubes  have  been  designed  with  par¬ 
ticular  care  to  remove  imperfections 
that  might  be  tolerated  in  a  home 
receiver.  For  example,  the  high- 
voltage  power  supply  has  excellent 
regulation  to  avoid  changes  in  pic¬ 
ture  size  with  changes  in  average 
brightness.  The  high-voltage  supply 
is  a  25,000-volt  unit  conservatively 
qperated  at  17,000  volts.  The  moni¬ 
tor  picture  tube  is  a  12-inch 
magnetically-focussed  and  deflected 
unit.  The  area  scanned  is  6  by  8 
inches.  This  small  area  assures  uni¬ 
form  focus  and  a  flat  field.  The 
tubes  are  conventional,  but  are 
carefully  selected  to  have  uniform 
phosphors  and  good  focus  over  the 


FIG.  5 — Typical  scene  aa  reproduced  on  35-min  moTie  film 


very-fine-grain  film  is  used,  that  is, 
positive  stock  ordinarily  used  for 
making  projection  prints.  DuPont 
type  602A  has  been  found  highly 
satisfactory.  This  film,  speed  ap¬ 
proximately  Weston  8,  is  slow  com¬ 
pared  with' negative  stock  and  re¬ 
versal  film,  but  it  has  extremely 
fine  grain  and  wide  latitude.  Also, 
it  costs  about  one  third  as  much  as 
faster  films,  and  this  may  be  a  very 
important  factor  in  an  extensive 
recording  project.  The  same  type  of 
film  is  used  for  picture  negative, 
sound  negative  and  composite  posi¬ 
tive.  A  special  processing  tech¬ 
nique,  is  used  to  develop  the  picture 
negative.  Otherwise  the  processing 
is  conventional. 

To  assure  adequate  exposure  us¬ 
ing  slow  film,  a  bright  monitor  im¬ 
age  and  fast  lens  are  required.  The 
image,  produced  on  the  6-by-8-inch 
rectangle,  has  a  highlight  bright¬ 
ness  above  100  foot-lamberts.  The 
lens  is  a  standard  Kodak  camera 
lens  of  two-inch  focal  length  and 
maximum  aperture  fl.6.  The  lens 
is  operated  at  fixed  focus  of  five 
feet  and  a  fixed  aperture  of  f2.  The 
latter  setting  is  not  changed,  since 
it  would  change  the  cone  of  light 
within  the  camera  and  would  inter¬ 
fere  with  the  proper  operation  of 
the  shutter. .  If  any  change  in  the 
aperture  is  required,  neutral-den¬ 
sity  filters  are  placed  on  the  lens 
as  required.  Optical  resolution  of 
the  lens  is  not  critical.  Any  good 


area  scanned. 

It  is  possible  to  operate  the  sys¬ 
tem  with  negative  or  positive  im¬ 
ages  on  the  monitor,  but  experience 
has  proved  the  positive  image  pref¬ 
erable.  The  film  image  •  is  then 
a  negative  and  the  composite  print 
(made  from  the  negative  picture 
film  and  sound  film)  is  a  positive. 
If  time  is  very  short,  the  negative 
film  image  may  be  transmitted  with¬ 
out  making  the  composite  positive 
print,  merely  by  reversing  the  po¬ 
larity  of  the  television  camera  out¬ 
put.  But  the  best  quality  has  been 
found  to  result  consistently  from 
a  composite  positive  print  made 
from  a  negative. 

To  assure  that  the  film  shall  not 
limit  the  resolution  of  the  system. 


TIME 

SECONDS 


-iftSEC 

BLfiNNr 


TELE  FRAME 
K--S8SEC--H 


■do  SEC  H 


r-i„.Ti  I  I  I  M  1  I 


TELEVISION 
BL  ANKINC 
AND 

SCANNING 


INTERLACE 
FILM  FRAME 
— -^SEC- 


CLOSEO 


OPEN 


SHUTTER 

PULSE 


critical  . 

LAP  POINTS 


film 

PULL-DOWN 


FIG.  4 — Time  relationehips  between  televiaion  eignal.  shutter  and  pull-down  mecha¬ 
nism.  Accurate  setting  of  shutter  is  essential  to  avoid  overlapping  or  underlapping 

exposures 
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tom  line  the  film  pull-down  cycle  is 
illustrated. 

The  most  critical  characteristic 
in  the  recording  camera  is  the  tim¬ 
ing  of  the  shutter-blanking  and  ex¬ 
posure  interval.  The  absolute  inter¬ 
vals  are  the  most  important,  and  if 
they  are  appropriately  adjusted  the 
exact  phase  relationship  is  not  very 
critical.  As  shown  in  Fig.  4,  the 
phase  relationship  has  been  so  ad¬ 
justed  that  one  of  the  points  for 
opening  (or  closing)  the  shutter  is 
placed  directly  under  the  television 
blanking  interval.  The  other  shut- 
ter^oint  occurs  approximately  in 
the  middle  of  the  television  field  in¬ 
terval.  If  this  shutter  is  not  ad¬ 
justed  correctly,  a  bar,  caused  by 
overlapping  or  underlapping  expos¬ 
ures,  is  likely  to  appear  in  the  re¬ 
corded  film  picture.  Such  a  bar  is 
noticeable  as  a  flicker  of  several 
lines  in  the  picture. 

It  is  customary  to  drive  a  record¬ 
ing  camera  by  synchronous  motor. 
If  the  television  signal  and  the  re¬ 
cording  camera  are  controlled  by 
the  same  power  lines,  the  camera 
runs  in  exact  synchronism  with  the 
television  synchronizing  generator. 
In  many  cases,  however,  it  is  neces¬ 
sary  to  record  programs  which  have 
originated  in  a  region  beyond  the 
limits  of  the  synchronized  power 
lines.  On  nonsynchronous  power 
supplies,  two  regions  of  overlap  may 
appear  and  move  up  or  down  the 
picture  at  a  rate  equal  to  the  dif¬ 
ference  frequency  between  the  60- 
cycle  supply  controlling  the  synch¬ 
ronizing  generator  and  the  60-cycle 
supply  driving  the  synchronous  mo¬ 
tor  of  the  camera. 

Many  films  have  been  recorded  in 
the  nonsynchronous  manner.  To  do 
so  successfully  it  is  desirable  that 
the  shutter  angles  be  accurately  ad¬ 
justed  so  that  the  overlap  bars  are 
eliminated.  It  is  better  to  have  a 
slight  overlap,  rather  than  an  un¬ 
derlap,  to  minimize  the  bar  effect. 

To  show  the  quality  of  pictures 
obtainable,  Fig.  5  is  a  blown-up 
print  of  an  original  photograph 
taken  on  35-mm  film,  while  Fig.  6 
is  a  photograph  of  the  same  subject 
taken  from  the  face  of  a  cathode- 
ray  tube.  Very  little  difference  exists 
between  these  two  photographs. 

The  motion -picture  film  compares 
favorably  with  the  results  obtained 
with  a  still  camera. 


FIG.  6 — TeleTited  reproduction  oi  scene  shown  in  Fig.  5 


taking  lens  is  satisfactory  but  pro¬ 
jection  lens  are  to  be  avoided. 

Using  this  optical  system  and 
film,  the  full  horizontal  resolution 
of  the  original  television  image  is 
preserved  in  the  film.  In  fact  it  is 
possible  to  identify  in  the  film  im¬ 
ages  the  fine-structure  noise  pres¬ 
ent  in  the  original  television  image. 
The  contrast  range  of  the  system 
is  likewise  limited  by  the  television 
image,  not  the  film.  Using  a  con¬ 
ventional  photographic  gray  scale 
of  11  steps  between  black  and  white, 
the  monitor  has  been  found  capable 
of  rendering  7  steps  of  gray,  plus 
black  and  white.  The  latitude  of  the 
film  is  sufficient  to  cover  this  range 
by  a  wide  margin. 

The  monitor  brightness  and  con¬ 
trast  controls  are  adjusted  by  eye 
to  give  the  most  even  rendition  of 
the  gray  scale,  as  viewed  on  the 
film  after  processing.  This  process 
matches  the  transfer  characteristic 
of  the  television  system  to  the 
gamma  characteristic  of  the  film. 
Electrical  gamma-correction  cir¬ 
cuits  are  also  available  in  the  equip¬ 
ment.  Particular  care  was  taken  in 
the  design  and  adjustment  of  the 
scanning  circuits  in  the  monitor  to 
preserve  a  high  degree  of  linearity. 
Figure  2  shows  an  interior  view  of 
the  monitor. 

The  camera  employs  a  rapid  pull¬ 
down  mechanism  and  a  specially  de¬ 
signed  shutter  which  exposes  two 
complete  fields  of  television  scan¬ 


ning  on  each  frame  of  motion-pic¬ 
ture  film.  An  interior  view  of  this 
camera  is  shown  in  Fig.  3.  The 
shutter  closes'  for  exactly  one-half 
of  a  television  field,  and  the  pull¬ 
down  takes  place  in  something  less 
than  one  fifth  of  the  complete  pull¬ 
down-plus-exposure  cycle.  This 
cycle  occurs  at  a  rate  of  24  frames 
per  second,  at  a  shaft  speed  of  1,440 
revolutions  per  minute. 

Sequence  of  Operation 

The  timing  sequence  and  phase 
relationships  of  the  television  sig¬ 
nal,  the  blanking  cycle  of  the  shut¬ 
ter,  and  the  motion  of  the  film  dur¬ 
ing  pull-down  are  shown  in  Fig.  4. 
At  the -top  is  a  timing  indication 
expressed  in  intervals  of  1  120  sec¬ 
ond.  This  interval  is  a  subdivision 
of  both  the  30-frame-per-second 
television-picture  interval  and  the 
24-frame-per-second  film  picture 
interval.  The  next  line  indicates  the 
television  blanking  interval  and  the 
useful  television  picture  interval. 
Here  the  television  field  interval  of 
1/60  second  provides  one  half  of 
the  interlaced  picture,  and  the  suc¬ 
ceeding  1/60  second  field  interval 
provides  the  other  interlaced  half. 
Accordingly,  two  fields  of  television 
scanning  constitute  one  complete 
frame  of  television  picture  in  an 
elapsed  time  of  1/30  second.  On  the 
next  line  is  shown  the  camera-shut¬ 
ter  characteristic,  which  must  be 
very  carefully  adjusted.  On  the  bot¬ 
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SERRASOID 

Design  data  for  an  improved  four-tube  phase-shift  type  modulator  that  initiates  100- 
percent  modulation  with  noise  80  db  down  and  0.25  percent  harmonic  distortion  in 
broadcast  service.  Low  relative  cost  suggests  potentially  greater  utilizatichi  of  the  edu¬ 
cational  frequencies.  Variations  of  the  basic  circuit  open  new  fields  of  application 

t 


By  J.  R.  DAY 

Radio  Bngineering  Lab»,,  Ino. 
Long  Inland  V%ty,  N.  Y, 


The  development  of  a  simple  f-m 
modulator  has  been  one  phase 
of  a  broad  program  to  enlarge  the 
technical  horizons  of  f-m  broadcast¬ 
ing.  In  particular,  it  was  aimed  at 
providing  one  solution  to  the  prob¬ 
lems  of  relay  and  chain  broadcast¬ 
ing.  Such  service  requires  that  the 
noise  background  and  distortion  be 
very  low  in  the  individual  links  so 
that  the  final  signal  may  still  meet 
the  relatively  high  standards  re¬ 
quired  for  any  f-m  broadcasting 
system.  Such  chain  systems  have 


been  operated  satisfactorily  using 
available  equipment,  but  it  cannot 
be  said  that,  in  the  more  extensive 
chains,  the  limiting  noise  rests  with 
the  audio  facilities  at  the  origin. 
This  latter  condition  has  always 
been  regarded  as  a  minimum  re¬ 
quirement  of  a  really  good  f-m 
broadcast  setup. 

Careful  examination  of  the  prob¬ 
lems  in  a  reasonably  extensive  chain 
yields  the  conclusion  that  an  80  db 
ratio  of  100-percent  modulation  to 
noise  in  the  modulator  would  be 
satisfactory.  In  addition,  a  maxi¬ 
mum  figure  of  0.25-percent  har¬ 
monic  distortion  for  100-percent 
modulation  with  single  tones  from 
50  to  15,000  cycles  was  set  as  a 


correlative  objective.  Since  a  prac¬ 
tical  modulator  involves  accessor>' 
circuits  such  as  an  audio  amplifier, 
which  can  be  expected  to  make  some 
definite  though  small  contribution 
to  the  numbers  above,  the  actual 
net  requirements  on  the  modulation 
process  are  somewhat  more  severe 
than  the  overall  figures.  It  is  evi¬ 
dent  that  such  performance  will 
also  be  of  significant  application  in 
a  sing  e  f-m  broadcast  setup,  apart 
from  the  special  question  of  relay¬ 
ing. 

Means  of  generating  frequency- 
modulated  currents  fall  into  two 
general  classes,  the  reactance-modu¬ 
lated  type,  and  the  phase-shift  t3rpe. 
In  the  first,  the  frequency  of  an 
oscillator  is  caused  to  vary  linearly 
with  modulation  through  the  agency 
of  a  reactance  tube  or  its  equivalent, 
which  is  an  integral  part  of  the 
frequency-determining  circuit.  Be¬ 
cause  of  the  modulation  and  linear¬ 
ity  requirement  such  an  oscillator 
in  general  is  not  stable  enough  for 
broadcast  service.  Automatic  fre¬ 
quency  control  is  therefore  em¬ 
ployed.  In  the  phase-shift  type  of 
modulator  the  frequency  of  the  car¬ 
rier  oscillator  is  not  varied,  and 
therefore  a  stiff  control  such  as  a 
quartz  crystal  can  be  used  to  secure 
the  desired  stability,  which  then  is 
completely  independent  of  the  modu¬ 
lation  process.  Modulation  of  the 
frequency  in  such  a  system  is  se¬ 
cured  by  varying  the  phase  of  the 
frequency-stabilized  wave.  The  fre¬ 
quency  will  be  deviated  from  its  con¬ 
trolled  value  only  during  the  time 
the  phase  is  changing,  and  the  de¬ 
viation,  other  things  being  equal,  is 
proportional  to  the  rate  of  change 
of  phase. 

The  Serrasoid  is  the  latter  type. 
Although  it  is  capable  of  broader 


The  first  successful  method  of  producing  frequency  modulation  was  the 
phase-shift  method.  Despite  certain  shortcomings  in  inherent  noise, 
distortion  at  the  lower  modulating  frequencies,  and  a  tendency  of  the 
center  frequency  to  drift,  it  carried  the  burden  of  launching  the  f-m 
system  successfully. 

•  The  invention  of  the  double  channel  modulator,  which  was  brought  to  a  high 
degree  of  perfection  through  the  work  of  John  Bose,  eliminated  these  difficulties. 
It,  however,  had  the  commercial  disadvantage  common  to  all  frequency  modulators 
of  requiring  a  large  number  of  tubes.  This  disadvantage  is  not  of  much  importance 
in  transmitters  of  powers  above  1  kw,  as  the  cost  of  the  modulator  then  becomes 
0  relatively  small  part  of  the  total.  For  transmitters  of  low  power,  however,  the 
modulator  becomes  a  major  item.  Herein  lies  opportunity  for  great  improvement. 

•  I  have  always  felt  that  the  phase-shift  method  of  producing  frequency  modu¬ 
lation  would  be  the  surviving  method  and  that  someone  some  day  would  overcome 
its  greatest  weakness  by  finding  the  means  of  increasing  the  initial  phase-shift 
without  compromising  any  of  the  requirements  of  distortionless  noise-free  f-m. 

•  This  James  R.  Day  has  done.  Not  only  has  he  done  it  without  compromise,  but 
he  has  in  fact  improved  performance  to  hitherto  unattained  levels. 

•  The  significance  of  this  development  is  that  by  its  simplicity  and  reliability  it 
has  opened  up  all  sorts  of  new  broadcasting  possibilities.  One  can  visualize  the 
operation  of  unsupervised  transmitters  of  a  few  watts  power,  controlled  from  pulpits, 
schoolhouse  assembly  halls,  and  similar  places,  the  transmitter  requiring  no  more 
attention  than  the  common,  everyday  public  address  system. 

•  The  invention  has  opened  up  some  amusing  poss  bilities.  If,  as  seems  likely,  the 
Serrasoid  becomes  the  accepted  method  of  producing  frequency  modulation,  the 
phrase-makers  who  have  dubbed  the  phase-shift  method  the  "indirect  method" 
will  find  themselves  in  an  awkward  situation.  Some  of  us  hpve  lived  long  enough  to 
recall  the  days  when  the  automobile  was  referred  to  as  the  "horseless  carriage." 

— E.  H.  ARMSTRONG 
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Size  compariton  between  the  Serrcuoid  modulator  (outlined  ’n  white)  and  the  original  Dual-Channel  modulator  at  the  right. 
Center  rack  and  upper  section  ol  lelt  rack  are  used  lor  other  pv>o*''graph  taken  at  the  Armstrong  1-m  broadcast 

station  W2XM/t-W^XhA  at  Alpme.  N.  J.  wheie  me  new  modulator  has  been  in  serrlce  for  six  months 


application,  the  numbers  involved 
for  the  f-m  broadcast  case  provide 
the  clearest  illustrative  material.  As 
noted  above,  frequency  deviation  is 
proportional  to  rate  of  change  of 
phase.  For  sinusoidal  modulation 
this  is  simply  expressed  by  saying 
that  the  peak  frequency  deviation 
is  equal  to  the  product  of  the  peak 


phase  shift  and  the  modulating  fre¬ 
quency.  The  new  circuit  is  conserv¬ 
atively  capable  of  a  peak  phase  shift 
of  ±150  degrees,  but  ±90  degrees 
or  ±li  radians  is  used  as  the  basis 
for  100-percent  modulation  at  50 
cycles.  For  1 J  radians  and  50  cyc’.es 
the  peak  deviation  therefore  will  be 
±75  cycles.  Since  100-percent  modu¬ 


lation  in  f-m  broadcasting  is  a  de¬ 
viation  of  ±75,000  cycles,  a  fre¬ 
quency  multiplication  of  1,000  is 
indicated.  Actually,  972  is  used 
since  it  can  be  factored  into  a  con¬ 
venient  assortment  of  doub’ers  and 
triplers.  In  all  that  follows  we  shall 
discuss  a  modulator  for  a  frequency 
of  97.2  megacycles  which  starts  at 
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a  base  frequency  of  100  kilocycles. 

Figure  1  is  a  schematic  diagram 
of  the  essential  parts  of  a  comple'te 
broadcast  Serrasoid.  Audio  ampli¬ 
fiers  and  frequency  multipliers  have 
been  omitted  since  they  are  con¬ 
ventional  and  employ  small  stand¬ 
ard  type  tubes.  Tube  V,  is  a  pentode 
oscillator  controlled  by  quartz  crys¬ 
tal  Y.  The  crystal  operates  very 
close  to  its  series  resonant  fre¬ 
quency.  The  ftet  reactance  of  the 
crystal  arm  may  be  conveniently 
varied  by  a  series  capacitor  for  fine 
frequency  adjustment  of  about 
rtO.006  percent.  This  crystal  is  oven 
controlled  in  the  broadcast  case  to  a 
net  stability  of  ±0.0002  percent, 
which  is  also  the  stability  of  the 
final  carrier  frequency.  The  oper¬ 
ation  of  the  oscillator  is  such  that 
plate  current  is  drawn  only  during 
a  small  part  of  the  cycle.  Negative 
going  pulses  shown  in  Fig.  2A  are 
generated  at  the  plate  of  Vt.  These 
pulses  are  differentiated  by  C»,  Rt, 
and  grid-cathode  conductance  of 
Vu  to  yield  still  shorter  pulses  sev¬ 
eral  times  the  cutoff  voltage  of 
The  corresponding  short  positive 
pulses  at  the  plate  of  this  latter 
tube  are  bottom  clipped  (to  clean 
the  base  line)  by  cathode  follower 
Fm.  Resistor  R^  is  selected  so  that 
this  tube  is  biased  beyond  cutoff 
between  pulses  by  the  automatic 
grid  bias  of  C*  and  Re.  The  pulses 
at  the  cathode  of  Vu  appear  as 
shown  in  Fig.  2B.  The  two  halves 
of  Vt  perform  the  functions  of  a 


single  pentode  that  might  have  been 
used  in  the  same  place,  with  the  ad¬ 
ditional  advantage  that  the  final 
waveform  is  developed  in  a  lower 
impedance  than  is  practicable  with 
a  pentode. 

Linear  Sawtooth  Wave 

According  to  the  numbers  of  the 
illustrative  case  these  pulses  recur 
at  a  rate  of  100  kilocycles,  that  is, 
corresponding  points  or  events  on 
consecutive  pulses  are  10  microsec¬ 
onds  apart.  Tube  constitutes  a 
nonoscillatory  sawtooth  generator 
timed  by  the  pulses  from  F**.  The 
slowly  increasing  portion  of  the 
sawtooth  has  a  slope  corresponding 
to  the  charging  of  Ct  through  Rv,  to 
the  relatively  steady  voltage  at  the 
junction  of  R*  and  Rio.  This  period 
coincides  with  the  time  between 
pulses  at  the  grid  of  F*^,  cutoff  bias 
having  been  developed  on  Ct  by 
previous  pulses.  The  quickly  de¬ 
creasing  portion  of  the  sawtooth 
occurs  at  the  time  of  positive  pulses 
on  VtA,  when  Ct  is  discharged  nearly 
to  cathode  potential  by  the  plate- 
cathode  conductance.  In  round  num¬ 
bers  the  discharge  point  is  about  5 
volts  from  cathode  or  ground  po¬ 
tential  and  R,o  and  C,  are  adjusted 
to  give  a  rising  rate  of  about  4  volts 
per  microsecond  to  the  increasing 
portion  of  the  wave.  As  will  be 
shown  the  whole  linearity  of  the 
modulation  process  depends  on  the 
straightness  of  this  sawtooth  wave. 
In  its  simple  form,  it  would  have 


too  much  exponential  curvature  to 
be  useful.  This  condition  is  cor¬ 
rected  by  the  bootstrap  connection 
comprising  the  cathode  follower 
Fs»,  R,i,  and  R».  The  normally 
constant  voltage  at  the  positive  end 
of  Rio  has  superimposed  upon  it  the 
rising  voltag'e  on  C,  so  that  the  drop 
on  R,„  and  hence  the  charging  cur¬ 
rent  is  maintained  practically  con¬ 
stant.  Resistor  R.,  as  in  other  boot¬ 
strap  applications  could  be  a  diode 
with  its  anode  at  plate  supply  po¬ 
tential,  but  for  the  voltage  magni¬ 
tudes  involved  here  the  resistor  is 
more  than  adequate.  The  d-c  volt¬ 
age  at  the  junction  of  R,  and  R,u  is 
about  + 190  volts  for  a  B  +  value  of 
250  volts. 

Pulses  are  Frequency-Modulated 

The  sawtooth  wave  thus  devel¬ 
oped  is  directly  coupled  to  the  grid 
of  F,^.  This  tube  is  cathode  biased 
by  its  plate  current  so  that  conduc¬ 
tion  begins  when  the  sawtooth  is 
about  half  way  up ;  the  passage 
from  the  beginning  of  plate  current 
flow  to  grid  current  consuming 
about  0.26  microsecond.  Because 
Cs  is  large  and  holds  the  bias  con¬ 
stant  during  the  sawtooth  period, 
grid  current  stops  the  charging  of 
C„  and  the  latter  half  of  the  saw¬ 
tooth  rise  is  clipped.  The  resulting 
waveform  is  shown  in  Fig.  2C  the 
dashed  line  indicating  the  wave¬ 
form  without  the  direct  coupling  to 
the  grid  of  F*x.  Thus,  the  plate  cur¬ 
rent  of  F,^  flows  only  during  the 


FIG.  1 — The  modulator  proper  showing  the  crystal  oscillator,  dipper,  sawtooth  generator  and  bootstrap  cathode  follower,  and  f-m 
pulse  output  tubes.  The  frequency  multiplier  stages  that  follow  are  conyentional 
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latter  half  of  the  sawtooth  wave.  If 
the  bias  for  ^4.1  is  varied,  the  lead¬ 
ing  edge  of  this  current  pulse  will  . 
vary  in  time  or  phase,  an  advance 
resulting  from  a  lowering  of  the 
bias  and  a  retardation  from  an  in¬ 
crease.  It  is  in  this  way  that  phase 
modulation  in  the  unit  is  accom¬ 
plished. 

Audio  or  program  is  applied  at 
the  indicated  terminals.  Values  of 
Ris  and  C.  are  so  proportioned  that 
for  constant  audio  input  amplitude 
versus  frequency,  the  resulting  am¬ 
plitude  at  C,  is  inversely  propor¬ 
tional  to  audio  frequency  ov«r  the 
range  upward  from  50  cycles.  This 
circuit  is  included  so  that  the  peak 
phase  shift  shall  be  inversely  pro¬ 
portional  to  modulating  frequency 
and  the  resulting  frequency  re¬ 
sponse  of  the  frequency  modulation 
shall  be  flat.  The  function  and  the 
network  are  the  familiar  corrector 
present  in  all  phase-shift  type  fre¬ 
quency  modulators.  In  order  that  at 
50  cycles  the  phase  of  the  pulse 
edge  be  shifted  ±li  radians,  ap¬ 
proximately  50  volts  rms  is  required 
at  the  input  to  the  corrector.  In  the 
complete  modulator  a  two-stage  am¬ 
plifier  provides  the  gain  to  raise  the 
standard  input  of  ±10  dbm  to  this 
level.  Since  feedback  is  used  in  this 
audio  amplifier  to  provide  linearity, 
the  effective  modulation  sensitivity 
is  also  stabilized  to  a  marked  degree. 
This  sensitivity  depends  only  on  the 
audio  gain  and  the  stability  of 
and  Ct,  and  ordinarily  is  stable  to 
within  1  percent  for  the  standard 
ranges  of  temperature,  line  voltage, 
and  tube  changes. 

Figure  2D  illustrates  the  wave¬ 
form  at  the  plate  of  V4.4,  the  dashed 
lines  showing  the  extreme  positions 
of  the  leading  or  negative  going 
edge  during  100-percent  modulation 
at  50  cycles.  For  100-percent  modu¬ 
lation  at  100  cycles  the  excursion  is 
one  half  that  shown,  and  so  on.  This 
wave  is  differentiated  by  C,o, 
and  the  grid  cathode  conductance  of 
VtB  so  that  the  latter  is  cut  off  for 
a  short  time  each  cycle  beginning  at 
the  leading  edge.  The  resulting 
positive-going  pulses  at  the  plate 
of  V are  shown  in  Fig.  2E.  These 
pulses  are  frequency  modulated  ap¬ 
proximately  ±75  cycles  at  100-per- 
.  cent  modulation.  They  are  applied 
to  the  grid  of  the  first  of  a  string 
of  frequency  multipliers.  The  plate 


loads  of  this  and  subsequent  mul¬ 
tipliers  are  resonant  at  the  various 
harmonics,  and  therefore,  involve 
only  sinusoidal  c-w  currents.  In  the 
broadcast  version  these  multiplica¬ 
tions  are  3,  3,  3,  3,  2,  3,  and  2,  for  a 
total  of  972  times,  yielding  a  carrier 
frequency  in  this  illustration  of  97.2 
megacycles  with  a  deviation  of 
±75  kilocycles  at  100-percent  modu¬ 
lation. 

Circuit  Design  Factors 

Before  proceeding  to  a  discussion 
of  distortion  and  noise  in  a  system 
of  this  sort  several  salient  features 
may  be  pointed  out.  First,  in  com¬ 
mon  with  all  phase-shift  modula¬ 
tors,  there  is  no  interaction  what¬ 
ever  between  the  functions  of 
modulation  and  carrier-frequency 
control,  and  the  final  stability  is 
exactly  that  of  well  engineered  crys¬ 
tal  control.  Exclusive  of  the  fre¬ 
quency  control  the  modulation  proc¬ 


ess  is  accomplished  in  three  stand¬ 
ard  receiving  type  tubes  operating 
under  cutoff  to  saturation  or  cath¬ 
ode  follower  conditions.  As  a  re¬ 
sult  the  process  is  remarkably  inde¬ 
pendent  of  tube  changes  or  aging. 
There  are  no  resonant  circuits  and 
no  reactances.  Largely  to  eliminate 
the  commercial  tolerances  of  re¬ 
sistors  and  capacitors,  C„  C^,  Ck>, 
and  R,4  are  factory  adjusted,  and 
thereafter  no  adjustments  even  of  a 
maintenance  nature  are  necessary, 
except  after  outright  component 
failure.  Tubes  Vj  through  V4  drain 
about  20  milliamperes  at  250  volts. 

Possible  VarioHons 

An  interesting  aspect  of  the  de¬ 
velopment  of  this  modulator  lies  in 
its  apparent  simplicity.  Until  cer¬ 
tain  special  factors  were  fully  ap¬ 
preciated  performance  was  indiffer¬ 
ent  and  the  simultaneous  attain¬ 
ment  of  low  distortion  and  low  noi.se 
hardly  seemed  practical  without 
considerable  elaboration.  A  good 
many  detailed  variations  from  the 
sample  circuit  shown  are  operative, 
and  some  yield  high  performance. 
But  without  the  observance  of 
certain  principles,  design  can  be 
surprisingly  difficult.  The  impor¬ 
tant  rules  affecting  linearity  and 
noise  are  enumerated  below. 

Having  selected  the  sawtooth 
waveform  as  the  basic  timing  or 
phase-shifting  mechanism,  it  devel¬ 
oped  that  linearity  could  not  b« 
preserved  if  it  was  amplified  or 
caused  to  appear  as  a  current  varia¬ 
tion  in  a  plate-loaded  tube,  no  mat¬ 
ter  how  attractive  such  a  step  may 
have  appeared  at  first.  Other  means 
of  straightening  the  sawtooth  be¬ 
side  the  bootstrap  arrangement 
shown  are  entirely  practical  pro¬ 
vided  the  sawtooth  waveshape  as 
such  is  not  amplified.  In  particular, 
in  the  modulation  process  the  tube 
performing  the  timing,  cannot 
carry  currents  of  sawtooth  shape 
and  still  preserve  linearity  in  the 
timing  process.  It  was  found  also 
that  the  amplitude  of  the  current 
pulses  in  should  be  constant  dur¬ 
ing  the  modulation  cycle.  To  insure 
this  condition  the  plate  supply  volt¬ 
age  is  maintained  constant  by 
The  supply  voltage  is  low,  about  30 
volts,  giving  a  small  cutoff  voltage. 

Noise  arises  in  such  a  system  in 
the  form  of  random  variations  in 
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the  time  of  occurrence  of  corre¬ 
sponding  events  in  consecutive 
cycles.  Such  timing  variations  or¬ 
dinarily  are  the  result  of  super¬ 
position  of  noise  voltages  on  the 
desired  wave-form.  The  noise  vol¬ 
tages  originate  either  in  tube  cur¬ 
rent  variations  or  as  Johnson  noise 
in  resistors.  The  effects  of  both 
kinds  of  noise  are  reduced  by  in¬ 
creasing  the  time  rate  of  change  of 
voltage  in  the  sides  of  the  pulses, 
and  by  maintaining  low  cir¬ 
cuit  impedances  at  certain  points. 
For  instance,  impedances  controlled 
by  Rn,  R:,  and  R»,  are  in  a  position 
to  contribute  to  the  residual  modu¬ 
lator  noise  unless  maintained  below 
values  appropriate  to  the  pulse  am¬ 
plitudes  appearing  across  them. 
This  is  another  way  of  saying  that 
the  circuit  bandwidth  should  be  as 
great  as  possible  so  that  the  pulse 
rise-time  is  short.  Noise  originating 
from  uniformly  distributed  random 
voltage  variations  causes  frequency 
modulation  noise  with  a  triangular 
distribution  spectrum,  extending 
linearly  up  from  zero  at  zero  modu¬ 
lating  frequency.  For  the  band  up 
to  15,000  cycles  the  integrated  noise 
power  from  a  given  resistance  is 
approximately  44  db  greater  than 
would  be  the  case  for  a  flat  noise 
spectrum.  The  75  microsecond  de¬ 
emphasis  in  the  f-m  receiver  re¬ 
duces  this  effect  by  13  db.  The  re¬ 
duction  factor  is  different  if  the 
original  noise  is  other  than  triangu¬ 
lar.  For  instance,  Johnson  noise  in 
Rx,  is  modified  in  its  spectrum  by 
Cl  before  it  can  phase  modulate 
pulses  determined  by  the  sawtooth. 
It  is  a  straightforward  matter  to 
show  by  calculation  that  if  the  lin¬ 
earity  were  secured  without  the 
bootstrap  or  its  low-voltage  equiva¬ 
lent,  that  is,  by  making  the  supply 
voltage  very  high,  the  noise  gen¬ 
erated  by  the  necessary  large  re¬ 
sistor  would  be  excessive  by  a  con¬ 
siderable  factor.  Thus  it  comes 
about  that  the  bootstrap  or  its  low 
VO  tage  equivalent  is  uniquely  es¬ 
sential  to  securing  simultaneously 
low  noise  and  low  distortion.  By 
similar  reasoning  it  can  be  shown 
that  the  lowest  noise  is  obtained 
when  the  corrector  capacitor  C*,  is 
directly  at  the  modulator  cathode. 
If  the  corrector  were  to  be  located 
at  a  lower  level  in  the  audio  section, 
tube  and  Johnson  noise  originating 
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after  it  would  have  a  31  db  handi¬ 
cap  and  with  practical  tubes  and  cir¬ 
cuit  constants,  this  effect  would  be 
insurmountable.  The  possibility  of 
noise  phase  modulation  in  the  first 
tube  after  V,  is  minimized  by  mak¬ 
ing  this  a  frequency  multiplier  so 
that  the  noise  deviations  are  mul¬ 
tiplied  by  a  smaller  factor  than 
those  originating  in  and  earlier. 

Performance 

The  general  performance  of  the 
Serrasoid  system  in  the  particular 
case  shown,  and  following  the  de¬ 
sign  rules  noted  can  be  summarized 
as  follows.  The  linearity  of  the 
phase-shift  process  is  readily  made 
to  be  equivalent  to  less  than  0.1-per- 
cent  f-m  distortion  for  peak  phase 
shifts  of  ±135  degrees.  It  should 
be  noted  that  nonlinearity  in  the 
phase-shift  process  results  in  f-m 
distortion  proportional  to  the  order 
of  the  harmonic  generated.  Thus 
1  percent  third  harmonic  expressed 
as  distortion  of  the  phase  shift  is 
equivalent  to  3-percent  distortion 
measured  as  frequency  modulation. 
In  the  commercial  f-m  broadcast 
modulator  the  distortion  is  largely 
controlled  by  the  included  audio 
amplifier,  and  the  overall  figure  is 
held  to  less  than  0.25  percent  for 
100-percent  modulation  at  50  cycles. 
At  high  frequencies  where  the  peak 
phase  shift  is  less  the  distortion 
falls  until  it  is  entirely  accounted 
for  in  the  audio  circuits.  At  the 
upper  end  of  the  audio  spectrum, 
distortion  owing  to  tuned  circuits 
in  the  frequency  multipliers  rises 
slightly,  but  by  reasonable  design  is 
held  below  0.25  percent,  measured 
without  de-emphasis.  It  is  much 
easier  to  contrive  that  the  distor¬ 
tion  be  this  low  than  it  is  accurately 
to  measure  it  once  secured ! 

The  f-m  noise  originating  in  the 
modulator  and  in  the  band  from 
50  to  15,000  cycles,  measured  with 
75-microsecond  de-emphasis  is 
somewhat  better  than  80  db  below 
100-percent  modulation.  This  noise 
is  made  up  of  approximately  equal 
,  contributions  from  the  crystal  oscil¬ 
lator  plate  circuit  and  the  plate  cir¬ 
cuit  of  VtA.  It  can  be  reduced  still 
farther  by  designing  for  greater 
pulse  bandwidth  and  higher  tube 
currents,  and  by  the  special  artifices 
described  below.  Microphonism  is 
no  practical  problem  at  all  with  non- 


selected  ordinary  tubes.  Because  of 
the  simplicity  of  the  circuits  in¬ 
volved  shielding  and  isolation  by 
ordinary  means  serves  to  suppress 
the  noise  effects  of  r-f  feedback 
from  high-level  sections  of  the 
transmitter. 

Increasing  Phase  Shift 

There  are  two  ways  by  which  the 
total  phase  shift  can  be  increased 
over  the  practical  maximum  of 
±150  degrees.  One  of  these  is  by 
cascading,  or  iterated  modulation. 
The  pulses  at  the  p'ate  of  F«a  are 
similar  in  form  and  amplitude  to 
those  at  the  plate  of  V~^.  If,  instead 
of  coupling  here  to  the  grid  of  a 
multiplier,  these  pulses  are  fed  to 
a  duplicate  of  the  circuit  extending 
from  VtM  to  V4*  inclusive,  another 
complete  modulation  process  will 
have  been  encompassed.  One  stage 
of  such  cascading  doubles  the  peak 
phase  shift  with  the  same  per¬ 
centage  of  f-m  distortion  and  yet 
raises  the  f-m  noise  by  less  than  3 
db.  Thus  the  effective  signal  to 
noise  ratio  is  improved  by  at  least 
3  db.  The  price  paid  for  this  itera¬ 
tion  is  two  and  a  half  additional 
tubes  and  a  doubling  of  the  audio 
power  required  to  modulate.  The 
process  can  be  extended  beyond  two 
modulations.  The  other  method  in¬ 
volves  generating  two  or  more  inter¬ 
laced  sawtooths  at  submultiples  of 
the  crystal  frequency  by  means  of  a 
step-counter  frequency  divider;  sep¬ 
arately  modulating  pulses  from 
each  of  the  proportionately  longer 
submultiple  sawtooths;  and  re¬ 
combining  the  sets  of  modulated 
pulses.  The  submultiple  frequency, 
of  course,  must  be  more  than  twice 
as  high  as  the  highest  modulating 
frequency  involved. 

In  general,  by  the  use  of  cascad¬ 
ing  and  interlacing,  as  noted,  by  the 
use  of  a  modification  of  the  scheme 
employed  in  the  Armstrong  dual 
channel  phase  shift  modulator,  and 
by  several  other  arrangements  too 
detailed  to  describe  here,  the  appli¬ 
cation  of  this  system  can  be  ex¬ 
tended  to  cover  a  very  wide  field. 

Commercial  versions  of  the  new 
modulator  have  been  in  use  for  the 
past  six  months  at  W2XMN- 
W2XEA,  Alpine,  New  Jersey,  and 
in  the  studio-transmitter  link  used 
to  program  KSBR,  Mount  Diablo, 
California. 
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ward.  All  yisitors  are  welcomed  at  the  Reception  BuUdinq  (middle 
ioreqroimd).  where  they  receiye  a  marked  mop  of  the  Park 


BIRD'S-EYE  VIEW — From  a  low-ilyinq  hel'copter.  here  ie  how 
Bectronici  Park  looks  to  a  camera  aimed  due  west  and  down¬ 


The  Editors  Report  on 
ELECTRONICS  PARK 


To  baild  a  combined  headquarters,  engineering  heaven  and  de  luxe  manufacturing  plant 
for  its  expanding  electronics  business,  General  Electric  has  invested  heavily  in  a  new 
plant  at  Syracuse.  Here,  along  with  the  physical  details,  is  the  story  of  the  people — the 
engineers,  supervisors  and  workers — on  whom  hinges  the  future  of  Electronics  Park 


plant.  The  company’s  long  experience  in  the  lamp 
business — and  electronics  closely  parallels  it  in  many 
respects — pointed  the  way  to  a  headquarters  plant  for 
engineering,  manufacturing,  sales  and  marketing  oper¬ 
ations.  And  so  Electronics  Park  may  be  said  to  be  a 
modernized  version  of  Nela  Park.  Both  have  the 
“campus”  atmosphere,  the  last  word  in  engineering 
facilities  coupled  with  manufacturing  operations  and 
many  satellite  plants  in  various  parts  of  the  country. 

Compared  to  competitors’  plant  facilities,  the  Park 
undoubted  y  appears  to  be  a  “luxury”  operation  to 
many  industry  visitors.  Contrasted  to  this  attitude 


IN  the  rolling  farm’and  near  Syracuse,  N.  Y.,  has 
arisen  an  industrial  phenomenon,  a  155-acre  cam¬ 
pus  combining  research,  engineering  and  production 
on  a  scale  never  before  seen  in  the  el^tronics  busi¬ 
ness.  This  is  Electronics  Park,  the  headquarters  of 
the  Electronics  Department  of  the  General  Electric 
Company.  Nine  buildings  have  been  completed,  stocked 
with  machinery  and  equipment,  and  brought  to  operat¬ 
ing  status. 

The  Park  is  no  idle  experiment  in  bigness.  When 
the  war  ended,  GE  had  a  greatly  expanded  electronics 
business  located  in  22  plants — with  no  headquarters 
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is  the  GE  philosophy  as  expressed  by  Dr.  W.  R.  'G. 
Baker,  vice-president  in  charge,  who  explains  that 
management  merely  has  provided  the  best  possible 
postwar  facilities  and  atmosphere  for  its  engineers, 
office  and  production  workers,  and  salesmen — all  of 
which  ha.s  already  resulted  in  improved  productivity 
as  compared  to  similar  GE  electronics  operations  be¬ 
fore  the  war. 

The  editors  of  Electronics  undertook  some  months 
ago  to  study  the  operations  at  the  Park.  This  report 
results  from  weeks  of  interviewing  the  engineers,  the 
executives  and  the  production  workers.  Its  purpose  is 
to  describe  features  of  the  organization,  its  systems, 
techniques,  facilities  and  methods.  Some  of  these 
ingredients  of  creative  productivity  are,  of  course, 
equally  applicable  to  many  another  plant  or  laboratory 
in  the  industry,  and  may  well  be  adopted  with  profit 
by  others. 

The  genesis  of  the  Park  goes  well  back  into  GE 
history.  Since  the  early  experiments  of  Langmuir, 
Alexanderson,  Hull,  Dushman,  White,  Coolidge  and 
Whitney,  electronic  theory  and  practice  had  an  impor¬ 
tant  place  in  the  GE  picture.  But  electronics  manu¬ 
facture  never  loomed  large  in  dollar  volume  compared 
with  the  company’s  apparatus  business,  for  example. 
For  years  GE  was  completely  out  of  the  radio  receiver 
business  and  practically  all  other  phases  of  the  elec¬ 
tronics  industry  with  the  exception  of  building  trans¬ 
mitters  and  receivers  for  the  government  and  a  com¬ 
paratively  small  amount  of  industrial  electronics 
equipment. 

This  was  the  result  of  'arrangements  approved  by  the 
government  under  the  consent  decree  of  1932  whereby 
GE  voluntarily  liquidated  practically  all  its  previous 
activities  in  the  field,  most  of  which  went  to  RCA — 
patents,  products,  machinery  and  engineers.  GE  went 
back  into  receiver  production  'in  1937  at  Bridgeport, 
Connecticut,  squeezing  into  the  household  appliance 
plant.  Since  then,  the  various  divisions  of  the  Elec¬ 
tronics  Department  have  been  living  in  other  peoples’ 
attics  scattered  over  the  eastern  half  of  the  country. 

The  vast  expansion  of  electronic  production  brought 
to  GE  by  the  war  further  decentralized  production. 
Even  before  the  war’s  end,  it  was  clear  that  the  scat¬ 
tered  electronic  manufacturing  plants  could  not  be 
brought  back  to  Schenectady,  which  was  already  over- 
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THE  PARK — 155  acrea  of  uppar  N«w  York  State  farmland  were 
conrerted  into  Electronlca  Park,  headquarters  of  GE'a  Electronics 


crowded  with  nonelectronic  activities.  Planning  for 
the  Park  began,  in  fact,  as  early  as  1942. 


Why  Syracuse  Was  Chosen 

The  first  big  decision  was  to  find  a  site  that  would 
serve  as  headquarters  and  an  engineering  center  for 
the  Electronics  Department,  and  have  a  large  enough 
manufacturing  plant  to  take  care  of  practically  all 
business  in  a  normal  year.  The  four  major  considera¬ 
tions  in  choosing  a  location  were:  (1)  availability  of 
labor  to  support  contemplated  production;  (2)  avail¬ 
ability  of  air,  rail  and  highway  transportation,  hotels 
and  other  community  facilities;  (3)  reasonably  central 
location  with  respect  to  sources  of  raw  materials  and 
markets  for  finished  goods;  (4)  sufficient  nearness  to 
the  research  centers  of  GE  to  permit  frequent  contacts. 


For  the  NEWS  STORY  with  facts  and  figures,  read 

PART  I— The  PARK  AND  ITS  PEOPLE 


For  the  picture  of  ENGINEERS  at  work,  read 

PART  II— The  ENGINEERING  ORGANIZATION 


For  PRODUCTION  AND  MANUFACTURING  IDEAS,  read 

PART  III— The  PRODUCTION  TECHNIQUE 
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Department.  Location  is  iiTe  miles  northwest  of  heart  of  Syracuse 
and  a  half-mile  from  LiTerpool.  Of  the  nine  buildings  in  the  Park, 


one  commands  and  fiTe  serve  the  three  biggest,  in  which  the 
actual  manufacturing  is  done 


Over  a  hundred  communities  were  considered,  some 
of  which  met  all  of  the  above  requirements.  Syracuse, 
however,  had  two  plus  values — a  large  group  of  em¬ 
ployees  that  had  operated  the  GE  war  plants  at  Thomp¬ 
son  Road  and  Wolf  Street,  and  convenient  means  for 
graduate  study  by  engineers  and  other  employees  at 
Syracuse  University.  Therefore,  Syracuse  was  chosen. 

The  200,000  population  of  Syracuse  is  large  enough 
and  its  industry  sufficiently  diversified  so  the  Park’s 
activities  will  not  seriously  affect  the  economy  of  the 
community.  The  city  has  a  record  of  favorable  union 
relations,  and  careful  analysis  shows  that  the  Park 
can  take  a  maximum  of  about  6,000  workers  from  the 
area  without  disrupting  labor  conditions  in  other  Syra¬ 
cuse  industries. 

The  site  was  picked  next — 155  acres  of  farmland 
about  5  miles  northwest  of  the  heart  of  town,  on  good 
roads  and  within  the  freight  yard  limits  of  Syracuse. 
Architects  were  engaged  and  commissioned  to  give  GE 
a  modern  plant  designed  specifically  for  its  electronics 
business. 

Construction  Problems 

No  job  of  this  size  could  be  undertaken  without 
running  into  the  usual  labor  difficulties.  For  example, 
the  building  design  called  for  1,800,000  bricks — pre¬ 
senting  a  tremendous  job  to  get  from  the  area  enough 
bricklayers  to  finish  the  project.  It  was  necessary,  in 
fact,  to  obtain  men  from  surrounding  cities  to  handle 
the  job. 

Grading  for  Electronics  Park  was  started  in  the 
fall  of  1944,  but  the  contractor  worked  only  a  few 
days  before  snow  came.  The  ground  was  not  seen 


again  until  the  end  of  March,  1945.  Construction 
started  in  September,  1945.  In  spite  of  difficulties  of 
obtaining  material  as  well  as  labor,  the  contractor 
started  setting  steel  for  the  Transmitter  Building  in 
April,  1946.  One  year  later  this  building  was  in  opera¬ 
tion,  and  production  was  humming.  By  early  1948  all 
main  units  were  completed. 

Units  of  the  Park 

The  three  largest  units,  the  Receiver  Building, 
Transmitter  Building  and  Specialty  Building,  are 
combined  engineering  and  sales  offices  and  manufac¬ 
turing  plants  devoted  to  their  respective  products. 
The  remaining  six  buildings  provide  services  and  staff 
functions  common  .to  all  activities.  They  include  the 
Administration  Building,  Reception  Building  (which 
also  includes  an  auditorium,  the  main  hospital,  em¬ 
ployee  relations  offices,  company  store,  classrooms, 
and  a  photo  laboratory),  the  Laboratory  Building, 
Service  Building,  Boiler  House  and  Restaurant.  Smaller 
units  are  available  for  special  purposes,  such  as  a  hill¬ 
top  test  site  for  radar,  and  a  nonmetallic  building  for 
testing  radar  antennas. 

Construction  of  this  plant  required  500,000  blue¬ 
prints,  and  over  100  engineers  worked  for  a  full  year 
designing  the  layouts.  Over  7,000  tons  of  steel  were 
used  in  erecting  the  framework  of  the  buildings  and 
over  70,000  cubic  yards  of  concrete  were  poured,  much 
of  it  in  bitter  winter  weather. 

All  offices  and  factory  areas  are  air-conditioned. 
Fluorescent  lighting  and  attractive  tile  floors  are 
used  in  the  offices  and  in  all  the  factory  buildings.  The 
flooring  in  offices  and  labs  is  laid  on  concrete  over  a 
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system  of  six-inch  floor  ducts.  This  permits  obtain¬ 
ing  a  new  power  or  telephone  outlet  within  a  few 
inches  of  a  desired  new  location  anywhere  on  the  floor. 
Partitions  are  the  Hauserman  metal  type  that  can  be 
set  up,  moved  or  removed  almost  overnight  to  accom¬ 
modate  the  continually  shifting  office  and  lab  require¬ 
ments. 

There  are  57,000  square  feet  of  windows  in  the  Park. 
Supplementing  the  natural  lighting  are  28,000  lighting 
fixtures  of  the  fluorescent  troffer  type,  with  100-watt 
units  in  the  factory  areas  and  40-watt  units  in  office 
areas. 

The  roofing,  except  for  copper  flashing  on  the  office 
buildings  for  appearance,  is  of  precast  concrete  slabs 
and  standard  built-up  tar  felt  and  slack.  A  tunnel 
approximately  a  mile  and  a  half  in  length  interconnects 
all  buildings  and  carries  domestic  water,  steam,  a  con¬ 
densate  return  and  telephone  lines. 

At  seven  points  in  the  Park  there  are  driven  grounds 
tied  together  by  a  i-inch  by  2-inch  copper  bus  that 
runs  through  the  tunnel  system.  Less  than  an  ohm  of 
resistance  can  be  measured  between  any  two  of  them. 
Each  steel  column  in  each  building  has  its  own  copper 
conductor  running  to  this  ground  system,  as  also  do 
all  water  mains  and  all  of  the  external  shields  for  each 
shielded  room. 

The  Boiler  House  has  three  60,000  lb  per  hour  oil- 
fired  boilers  which  provide  heating  as  well  as  process 
steam  at  an  operating  pressure  of  76  lb.  At  present 
two  400,000-ga!lon  fuel  oil  tanks  are  provided.  Inas¬ 
much  as  this  huge  project  depends  on  a  single  16-inch 
water  line  from  Syracuse,  a  1,200,000-gallon  water 
reservoir  will  be  installed  to  insure  a  continuous  water 
supply  for  production  needs  and  fire  protection. 

Power  is  received  from  the  Central  New  York  Power 
Corporation  over  two  115-kv  lines.  This  voltage  is 
reduced  to  13.8  kv  at  a  substation  in  the  Park,  for  dis¬ 
tribution  to  35  unit  substations  located  in  penthouses 


on  factory  roofs  and  in  basements  of  office  buildings. 

Within  the  Park  there  is  a  total  of  3i  miles  of  track 
and  interconnecting  switches,  arranged  so  that  incom¬ 
ing  material  can  be  unloaded  at  the  receiving  dock  in 
the  desired  building  while  other  freight  cars  are  being 
loaded  at  outgoing  platforms.  One  GE  60-ton  Diesel- 
electric  locomotive  handles  traffic  after  receipt  from 
the  railroad. 

Because  the  winters  in  this  part  of  the  country  have 
low  temperatures  and  occasional  heavy  snows,  the 
service  group  has  3  V-plows,  2  Snogos  that  pick  up 
and  blow  snow  to  the  side  of  the  road,  a  Jeep  side¬ 
walk  plow,  and  several  bulldozers.  Adequate  space 
surrounds  each  building  and  the  roads  so  that  snow 
will  never  have  to  be  hauled  away  by  trucks.  Inside 
the  Park  are  over  6i  miles  of  road,  all  paved  with  con¬ 
crete  and  blacktop,  plus  about  a  mile  of  concrete  walks 
going  across  the  lawns. 

The  Management  Team 

By  mid-1948  the  Park  was  erected,  staffed  and  oper¬ 
ating.  The  plant’^is  there,  a  large  investment  that  has 
to  be  managed  along  creative,  productive  and  profitable 
lines  of  action.  The  Park,  in  Dr.  Baker’s  opinion,  is 
only  incidentally  buildings,  equipment  and  machinery. 
Primarily  the  Park  is  people — the  ideas  they  have, 
the  work  they  do,  the  decisions  they  make. 

In  an  outfit  of  this  size,  decisions  are  always  poten¬ 
tially  dangerous.  For  example,  it  takes  over  20,000 
radio  receivers  of  any  new  model  merely  to  sample 
the  Receiver  Division’s  dealers.  So  the  right  decisions 
on  chassis  design,  cabinet  styling,  quantities  the 
market  will  absorb,  and  pricing  all  are  extremely 
important. 

The  big  decisions  are  made  by  the  management 
team  shown  in  the  organization  chart.  The  Electronics 
Department  is  one  of  the  nine  operating  departments 
comprising  GE,  shown  at  the  top  of  the  diagram.  Each 


DECENTRALIZED  OPERATION — Organixation  chart  showing  rala-  operating  departments  that  constitute  Generol  Electric  Company, 

tionship  oi  Dr.  Baker's  Electronics  Department  to  the  other  eight  with  dirisions  under  his  wing  shown  in  the  lower  rows 
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THEY  RUN  THE  SHOW — FiT»  anqinesra  and  a  salsaman,  heading  GoTarnmsnt  DlT'aion;  T:c»-presid*nt  W.  R.  G.  Baker:  C.  A.  Prieet 

the  world's  largest  concentration  of  electronic  engineering  ond  of  Transmitter  Dirision;  L  J.  Kaai  of  ReceiTer  DiTision.  Not  pic- 

manufacturing  facilities.  Left  to  right:  G.  F.  Metcalf  of  Speciolty  tured  is  I.  M.  Lang  of  Tube  DiTisions.  located  in  Schenectady 

Division:  A.  A.  Brandt  General  Soles  Manager:  V.  M.  Lucos  of  rather  than  in  the  Park 


Department  is  in  effect  a  separate  business,  independ¬ 
ent  in  its  engineering,  manufacturing  and  sales,  headed 
by  a  general  manager  who  in  most  instances  is  a  vice- 
president  of  GE,  The  departments  are  assigned  budgets 
at  the  beginning  of  the  year  by  the  head  office,  and 
are  responsible  only  for  returning  the  budget,  with 
a  profit  at  the  end  of  the  year. 

The  Electronics  Department  management  is  divided 
into  two  teams,  the  staff  divisions  (advisory)  and  the 
operating  divisions.  The  staff  functions,  shown  in 
the  third  row  of  the  diagram,  include  services  com¬ 
mon  to  all  operations,  and  are  largely  nontechnical. 
For  example,  E.  H.  Vogel,  manager  of  marketing  on 
the  staff,  represents  the  vice-president  and  advises 
the  operating  divisions  on  such  matters  as  general 
departmental  and  divisional  sales  po'icies,  product 
planning  and  ^pricing,  merchandising  plans  and  pro¬ 
grams,  advertising  for  all  products,  and  market 
research. 

Similarly,  the  other  staff  divisions  advise  the  oper¬ 
ating  divisions  on  all  important  decisipiis,  and  are 
brought  into  operation  as  their  particular  services  and 
experience  are  needed. 

The  technical  staff  unit  is  the  Electronics  Labora¬ 
tory,  whose  function  lies  midway  between  the  pure 
research  work  carried  on  in  Schenectady  and  the  oper¬ 
ating  laboratories  concerned  with  development  spe¬ 
cifically  for  production.  Its  job  is  to  develop  ideas 
from  the  pure  research  stage  to  the  advanced  develop¬ 


ment  stage,  and  it  serves  all  the  operating  divisions. 

The  operating  divisions  at  the  bottom  of  the  chart 
are,  like  the  company’s  big  departments,  virtually  inde¬ 
pendent  businesses,  working  from  a  budget  and  return¬ 
ing  it  with  a  profit.  Each  division  has  its  corps  of  engi¬ 
neers  and  production  men,  its  own  engineering  labs  and 
manufacturing  plants,  its  own  sales  people.  The  heads 
of  the  divisions  are  thus  primarily  business  men  with 
broad  management  responsibilities.  Like  Dr.  Baker, 
most  of  these  men  came  up  through  the  technical  ranks 
of  the  company. 

Operoting  Divisions 

Largest  of  all  the  operating  divisions  is  the  Receiver 
Division,  with  close  to  5,000  employees  and  about  1.5 
million  square  feet  of  space.  About  ha’f  of  these 
employees  and  400,000  square  feet  of  this  fioor  space 
are  in  the  Receiver  Building  in  the  Park,  and  the 
remainder  is  in  satellite  plants  outside  the  park.  This 
Division  makes  all  kinds  of  radios  and  television  sets 
en  masse  as  its  principal  function  and  also  supplies 
components,  like  loudspeakers,  to  other  manufacturers. 

Whereas  many  of  its  competitors  procure  the  bulk 
of  their  engineering  from  the  license  laboratories  to 
keep  this  expense  at  a  minimum,  the  Receiver  Division 
has  preferred  to  stay  in  the  engineering  business  and 
work  to  achieve  the  higher  volume  level  required  for 
the  break-even  point  in  order  to  absorb  engineering 
costs.  Since  seasoned  engineering  organizations  can- 
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not  be  created  overnight,  the  existence  of  a  receiver 
engineering  organization  is  important  insurance  for 
the  future.  Furthermore,  GE  derives  a  great  deal  of 
prestige,  as  well  as  some  material  gain,  through  intro¬ 
duction  of  engineering  advances  even  though  these  are 
available  immediately  to  competitors  through  cross- 
license  agreements. 

The  receiver  engineer  must  often  work  toward  two 
entirely  opposite  goals  at  the  same  time.  On  the  one 
hand,  he  tries  to  design  a  set  so  there  are  one  or 
more  siflaassemblies  that  can  be  put  together  sepa¬ 
rately  out  in  the  open,  where  the  work  is  much  easier 
than  deep  inside  a  crowded  chassis.  On  the  other  hand, 
a  subassembly  involves  extra  expense  for  producing 
the  separate  chassis  and  for  combining  it  with  the 
main  chassis,  hence  the  ultimate  goal  is  to  get  rid  of 
separate  units.  The  head  end  of  a  television  receiver 
is  an  excellent  example  of  a  legitimate  and  economical 
subassembly  because  it  involves  assembling  a  dozen 
sets  of  tuned  circuits  positioned  around  a  selector 
switch,  followed  by  alignment  of  each  tuned  circuit. 

The  Transmitter  Division,  whose  chief  function  is 
to  build  big  electronisms,  comes  next  with  about  2,500 
employees,  90,000  square  feet  of  floor  space  for  offices 
and  development  laboratories,  and  a  manufacturing 
floor  equal  to  210,000  square  feet.  The  Transmitter 
Division  divides  its  allegiance  approximately  equally 
between  government  and  commercial  customers.  This 
was  the  first  of  the  manufacturing  buildings  in  the 
Park  to  go  into  production. 


Although  deadlines,  economic  factors,  and  the  matter 
of  eye  appeal  plague  engineers  in  the  Transmitter 
Building,  commercialism  is  not  nearly  so  evident  as 
in  receiver  engineering.  The  work  of  the  transmitter 
engineer  is  more  diversified.  There  are  about  192 
graduate  engineers  in  this  division,  of  which  126  are 
in  the  engineering  groups,  37  in  factory  inspection 
and  test  groups,  and  29  in  field  engineering. 

The  Specialty  Division,  with  some  500  employees 
and  over  100,000  square  feet  of  space,  makes  special 
electronic  items.  Measurement  equipment  for  the  new 
field  of  nucleonics  is  now  one  of  the  items  receiving 
high  priority.  The  Specialty  Building  is  in  the  center 
of  the  Park. 

Finally  there  is  the  Government  Division,  which 
utilizes  about  50,000  square  feet  of  space  throughout 
the  Transmitter  and  Specialty  Buildings,  and,  in  addi¬ 
tion,  about  200,000  square  feet  in  the  Thompson  road 
plant  in  Syracuse.  It  has  every  possibility  of  expand¬ 
ing  as  government  contracts  are  received  for  elec¬ 
tronic  equipments  needed  by  our  armed  forces.  Most 
of  this  business  involves  radar  and  other  highly  com¬ 
plex  electronic  equipment;  in  line  with  tradition,  GE 
accepts  many  tough  engineering  jobs  from  govern¬ 
ment  agencies. 

At  the  beginning  of  World  War  I  GE  was  doing 
government  electronic  business  and  has  been  in  it 
ever  since.  The  Government  Division  is  strictly  a 
quality  business  in  every  sense  of  the  word,  since  the 
best  is  none  too  good  for  our  armed  forces.  Govern- 
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OUTPUT — Examples  of  many  oi  the  products  made  in  the  Park. 
In  quantities  ronginq  from  one  oi  a  kind  to  hundreds  oi  thousands, 
they  iill  ireight  cars  and  trailer  trucks  that  leore  the  Park  destined 


ior  distributors  and  customers  throughout  the  nation.  Products 

like  large  international  broadcast  transmitters  and  shortwore 

receiyers  ore  delirered  to  International  G.E.  Co.  ior  export 
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THINGS  AHEAD 


and  ready  for  production,  some  of  the  engineers  move 
over  to  the  Transmitter  Building  with  it  to  see  that 
production  snags  get  ironed  out  promptly. 

The  General  Sales  Division  management  headquar¬ 
ters  are  in  the  Administration  Building  at  the  Park. 
It  is  responsible  for  the  sale  of  the  department’s  com¬ 
mercial  products  and  for  operation  of  the  field  sales 
organization  in  nine  districts  throughout  the  country, 
employing  about  110  people.  The  manager  of  the 
division  is  also  responsible  for  establishing  adequate 
methods  and  channels  of  distribution,  including  dis¬ 
tributor  appointments  and  cancellations;  for  deter¬ 
mining  and  administering  commission  plans  for  dis¬ 
trict  managers  and  representatives;  for  the  prepara¬ 
tion  of  orders  received  and  sales  billed  quotas  for  the 
districts  and  distributprs ;  and  for  sales  training  pro¬ 
grams  for  district  representatives.  He  also  shares  with 
the  product  divisions  the  responsibility  for  product 
planning  and  pricing;  merchandising  plans  and  pro¬ 
grams  ;  production  releases  and  scheduling. 

Headquarters  for  the  Tube  Divisions  of  the  Elec¬ 
tronics  Department  are  in  Schenectady  where  one  of 
the  5  tube  factories  of  the  divisions  is  also  located. 
Original  plans  called  for  moving  the  divisions  to  the 
Park,  in  a  separate  building.  The  lack  of  labor  avail¬ 
able  in  Syracuse  for  all  electronics  manufacturing, 
and  the  cost  of  the  move  were  heavy  factors  against  it. 
Another  factor  was  the  close  relationship  between  the 
industrial  and  power  electronics  tube  work  and  the 
ment  equipment  is  built  to  customer’s  specifications;  company’s  industrial  machinery  made  or  designed  at 
there  are  no  standard  lines.  The  customer  here  always  Schenectady  and  sold  through  the  Apparatus  Depart- 
wants  something  new — rarely  if  ever  is  a  product  ment.  These  divisions  make  a  large  variety  of  indus- 
reordered,  because  by  that  time  either  the  require-  trial,  transmitting,  receiving  and  cathode-ray  tubes  in 
ments  have  changed  or  there  have  been  improvements  many  satellite  plants. 

in  the  design.  ^ 

^  •  •  •  i.1.  .•  j  Plans  for  Expansion 

Government  engineering  occupies  the  entire  second 

fioor  of  the  Specialty  Building,  with  another  wing  The  Electronics  Department’s  policy  is  definitely  to 
downstairs  for  its  executives.  When  a  design  is  finished  limit  the  Park  operations  to  a  payroll  of  roughly  6,000 


IDEAS,  some  well  along  in  doTolopment,  thot  may  become 
the  products  of  tomonowt 

Low  cost,  simplified  teleeislon  receivers 
Color  television,  electronically  on  a  single  picture  tube 
Metal  television  picture  tube 
Portable  f-m  receiver 

Radio  remote  control  unit  for  opplionces  and  for  models 
Printed  radio  receiver,  untouched  by  human  hands 
Simplified  superregenerative  f-m  receiver  circuit 
High-frequency  heater  for  thawing  frosen  foods  in  homes 
Microwave  60-second  electronic  range  for  restaurants  and 
homes 

Electronic  equipment  for  guiding  and  controlling  missiles 
and  rockets 

Pocket-sise  otomic  radiation  detectors  with  alarm 
AU-electronic  aerial  superhighways  for  air  navigation  and 
traffic  control 

Magnetic  leam-to-read  unit  that  pronounces  words  printed 
on  keys  which  move  pickup  head  to  different  parts  of 
magnetised  paper  disc 

Advoiiced  radar  navigators  for  airplanes  and  ships 
Higher-powered  television  transmitters 
Super-powered  broadcast  transmitters 
Facsimile  equipment  for  police,  industry 
Personalised  two-way  radio  sets 


RECEIVER  BUILDING  LAYOUT — Design  engineers  work  upstairs, 
with  production  supervisors  and  the  sales  staff  under  them  in  the 


front  of  the  building.  All  moving-conveyor  assembly  lines  for 
radio  and  television  receivers  are  in  55.000  sq  ft  center  section 
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TRANSBflXTER  BUiLDiNui  LAYOUT — Eagines.a  lor  tbo  Tronamitver 
Dtriwon  aro  upataira  hore.  with  auperriaory  and  prcduction  plan- 

I 

employees,  and  to  operate  sate'lite  plants  for  produc¬ 
tion  beyond  this  point.  For  example,  the  Department 
has  satellite  plants  in  Buffalo,  Clyde,  Utica  and  Schenec¬ 
tady,  N.  Y.,  in  Wabash,  Indiana,  in  Owensboro,  Ky.,  in 
Tell  City  and  Huntingburg,  Indiana,  and  in  Irvington, 
N.  J.  These  plants  have,  in  all,  9,000  other  employees 
and  produce  products  like  tubes,  receivers  and  cabinets. 

Expansion  of  the  department’s  television  receiver 
business  this  year  has  resulted  in  a  plan  to  make 
all  television  receivers  at  the  Park.  By  the  year’s  end 
practically  all  radio  receiver  manufacture  will  be  out 
of  the  Park  in  satellite  plants  and  the  entire  Receiver 
Building  manufacturing  floor  will  be  devoted  to  tele¬ 
vision.  Since  television  receivers  still  need  the  atten- 


S ECONO  FLOOR  PLAN 


li.ng  oil  cbA  .cr  Iransmil.ar  under  them  .n  'r^nt  oi  bu.ld  ng.  All 
aMembly  work  is  done  either  on  the  67  benches  or  on  the  floor 

tion  of  development  engineers  to  keep  things  running, 
production  in  the  Park  will  benefit  from  the  close 
proximity  of  the  television  engineering  and  manu¬ 
facturing  groups. 

The  overall  limitation  placed  on  the  Park’s  size  by 
the  availability  of  labor  is  an  important  advantage. 
The  satellite  plan  of  manufacture  has  an  element  of 
flexibility  that  would  be  missing  in  a  larger  concentra¬ 
tion  of  facilities.  Whenever  more  space  is  needed  now, 
either  temporarily  or  permanently,  additional  plants 
are  acquired  in  cities  having  the  required  labor.  Lines 
in  heavy  production,  in  which  the  engineering  phases 
are  essentially  completed,  get  moved  first  to  these  out¬ 
side  plants. 


SPECIALTY  BUILDING  LAYOUT — Specialty'!  engineers  ore  down-  DlTision  offices  and  labs  occupy  the  entire  second  floor.  The 

stairs.  J«st  off  the  monufacturing  floor,  because  GoTemment  Pr>ec  al*y  r>'Tt«irn  ‘octory  's  essen»<a'1y  a  b'g  iob  Ah-o 
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11— The  Engineering  Organization 


TWO  SIDES  OF  A  WALL — When  a  Receieer  DiTision  engineer 
become*  aumplciou*  of  a  loudspeaker,  he  can  bring  it  to  this  lab 
and  run  off  a  comple  e  response  curre  in  a  few  minutes.  The 
loudspeaker  is  mounted  in  on  opening  in  a  wall  between  the 


soundproof  room  and  the  measurement  room,  facing  the  micro¬ 
phone.  A  motor  drive  sweeps  an  audio  signal  generator  gradually 
from  50  cycles  to  20,000  cycles,  while  an  inking  pen  traces  on 
gioph  paper  the  amplified  output  of  the  microphone 


Engineering  is  one  of  the  keystones  of  the 
structure  of  Electronics  Park.  The  manpower 
devoted  to  engineering  is  a  high  proportion  of  the 
total  working  force.  The  manhours  devoted  to  engi¬ 
neering,  in  development  and  production,  are  propor¬ 
tionately  high,  and  engineering  costs  follow  suit.  Add 
to  this  the  fact  that  in  no  other  industry  is  the  utility 
and  cost  of  the  end-products  more  closely  tied  to  the 
technical  skill  of  the  men  who  design  and  make  them. 

It  is  not  strange,  therefore,  that  a  major  portion  of 
the  effort  in  planning  the  Park  went  into  providing 
the  best  engineering  facilities  available.  But  facil¬ 
ities  have  to  be  operated,  so  the  story  of  the  engi¬ 
neering  organization  starts  with  the  men.  How  are 


they  recruited  and  trained,  how  assigned  to  jobs, 
inspired  to  top  effort?  What  are  their  pet  gripes? 
These  questions  answered,  it  is  pertinent  to  inquire 
what  they  have  to  work  with,  and  what  problems  they 
wrestle  with.  In  that  order,  then,  let  us  consider  the 
engineering  organization  of  Electronics  Park. 

Recruiting  and  Troining  Men 

Except  in  unusual  cases  the  newly  graduated  engi¬ 
neering  student  has  never  faced  the  basic  engineering 
challenge:  with  data  not  known  to  be  sufficient,  and 
with  a  time  schedule  not  known  to  be  adequate,  he 
must  design  equipment  for  some  new  application 
without  losing  sight  of  the  basic  requirements  of  cost, 
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THEY  RUN  THE  ENGINEERS — Reporting  directly  to  dirision  man-  Transmitter;  L.  R.  Fink  oi  Electronics  Laboratory;  W.  J.  Morlock  ol 
agers  and  responsible  for  the  engineering  oi  the  Park's  present  Specialty.  Standing:  E.  F.  Hersog'oi  GoTemment;  N.  F.  Shoistoll 
and  future  products  are  these  four  dieision  engineers  and  the  oi  ReceiTer.  Not  shown  is  O.  W.  Pike  of  the  Tube  DiTisions.  Sec- 
manager  of  the  Laboratory.  Seated.  left  to  right:  J.  J.  Farrel  oi  lion  engineers  report  directly  to  their  dirision  engineers 


Only  about  half  of  those' 

who  complete  the  first  year  ENGINEERS  I 

of  this  advanced  engineer¬ 
ing  training  will  continue  Design  and  Developme 
with  it.  The  elimination  Engineers  in  Sales,  Mar 
is  carried  out  in  a  spirit  of 

mutual  agreement;  some  Total  Engineers .. . 

have  found  the  going  too  « 

stiff,  while  others  have  Total  Employees  at  Pm 

taken  up  permanent  jobs  in  _ _ 

a  GE  division  where  addi¬ 
tional  training  of  this  nature  is  not  essential. 

Types  of  Engineers 

There  are  at  least  seven  distinctly  different  cate¬ 
gories  in  which  the  graduate  of  the  Test  Program 
or  the  engineering  newcomer  can  end  up:  Research, 
advanced  development,  product  design,  manufactur¬ 
ing  supervision,  field  engineering,  sales  engineering 
and  commercial  engineering.  Each  calls  for  its  own 
particular  combination  of  aptitudes,  personality 
traits,  and  engineering  knowledge.  Furthermore,  the 
duties  of  each  vary  greatly  with  the  divisions — Trans¬ 
mitter,  Specialty,  Tube,  Receiver,  Government,  Labora¬ 
tory  or  Sales. 

The  chap  whose  interest  is  chiefly  in  the  highly 
theoretical  aspects  of  a  problem,  almost  approaching 


ENGINEERS  IN  THE  PARK 

Design  and  Development  Engineers .  553 

Engineers  in  Sales,  Monuiacturing,  Etc ....  80 

Total  Engineers .  633 

Total  Employees  at  Pork . 6,200 


those  of  a  physicist,  in- 
THE  PARK  variably  ends  up  as  a  re¬ 

search  engineer  in  the 

t  Engineers .  553  Laboratory.  He  has  few 

iacturing.  Etc _  80  cost  responsibilities,  sel- 

_  dom  a  delivery  date  to 

think  of  and  delves  only 
into  the  laws  of  nature. 

. 6,200  -pjjg  fellow  who  likes  to 

_  work  with  his  hands  may 

end  up  as  a  product  design 
engineer.  In  this  category  are  most  of  the  engineers 
in  the  Park.  They  take  an  idea  and  a  blank  piece  of 
paper  and  produce  working  models  and  blueprints  for 
production.  They  have  to  consider  costs,  eye  appeal, 
delivery  dates,  and  a  multitude  of  related  practical 
factors.  A  product  design  engineer,  also  known  as  a 
development  engineer,  is  assigned  to  develop  a  partic¬ 
ular  product  for  which  there  is  an  order  or  a  possible 
market,  and  he  sticks  to  that  job  until  a  finished  work¬ 
ing  sample  is  produced — or  rather  works  on  it  when¬ 
ever  he  gets  a  chance,  because  there  is  always  a  fire 
to  be  put  out  somewhere  in  connection  with  production 
of  things  he  previously  designed. 

The  organizing  type  of  engineer  is  likely  to  end 
up  as  a  manufacturing  supervisor  or  section  engineer 
because  he  likes  to  work  with  people.  A  factory  train- 
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ENGINEERS  IN  CLOVER — ^Fororite  site  for  field  tests  of  communica-  direct  line-of -sight  path  to  Vonsmitting  antenna  atop  Transmitter 
tion  equipment  is  lawn  surrounding  the  lake  in  the  Pork,  giring  Building  in  background 


efficiency,  and  dependability.  GE  has  come  te  regard 
this  aspect  of  an  engineer’s  training  as  its  own  respon¬ 
sibility.  Each  year  it  absorbs  into  its  laboratories, 
offices,  and  factories  hundreds  of  young  graduates 
from  all  parts  of  the  country  and  from  all  types  of 
colleges. 

Channelizing  such  widely  divergent  backgrounds 
into  occupations  best  suited  for  each  calls  for  a  flexi¬ 
ble  training  program  at  all  levels  of  aptitude  and 
specialization.  The  best-known  aspect  of  this  is  the 
Test  Program.  With  few  exceptions,  most  GE  engi¬ 
neers  select  their  specialized  field  via  this  medium. 

Finding  a  Niche 

For  a  period  of  from  one  to  two  years  each  newly- 
graduated  student  engineer  is  assigned  to  many  of 
the  major  departments.  His  responsibility  is  to  test 
the  products  manufactured  by  those  departments,  and 
during  the  course  of  this  work  he  observes  the  prob¬ 
lems  and  methods  that  are  peculiar  to  each  activity. 
The  average  assignment  period  is  three  months.  By 
the  end  of  his  test  period  he  can  select  with  some 
confidence  the  kind  of  work  that  offers  greatest  inter¬ 
est  and  opportunity  to  him.  The  majority  of  engineers 
at  the  Park  are  graduates  of  the  Test  Program.  This 
system  provides  the  Electronics  Department  with  a 
continuing  influx  of  young  men  with  new  ideas. 

Electronics  Park  is,  of  course,  one  of  the  major 
steps  for  Test  Program  engineers.  In  addition,  the 
Park  has  its  own  Test  Program  wherein  graduates 


are  transferred  from  building  to  building  within  the 
Park  at  approximately  three-month  intervals.  This 
program  is  for  those  who  have  definitely  chosen 
electronics  as  their  life  work. 

Evening  schedules  of  classes  are  provided  at  Syra¬ 
cuse  University  for  engineers  desiring  to  study 
toward  their  Master’s  and  Doctor’s  degrees.  These 
courses  have  been  approved  for  benefits  under  the 
GI  Bill.  For  other  engineers,  GE  pays  approximately 
two-thirds  of  their  tuition  if  they  complete  their 
course  satisfactorily.  For  those  who  do  not,  GE  pays 
a  third  of  the  tuition.  Courses  are  conducted  at  Elec¬ 
tronics  Park  as  well  as  in  Syracuse  University  class¬ 
rooms,  and  the  thesis  can  be  accomplished  in  any 
of  the  labs  in  the  Park.  At  the  present  time,  over  100 
engineers  at  the  Park  are  studying  for  advanced  engi¬ 
neering  degrees. 

Another  source  for  Electronics  Department  engi¬ 
neers  is  in  Schenectady,  where  some  thirty  to  fifty 
test  engineers  are  selected  throughout  the  company 
for  an  intensive  course  on  engineering  analytics.  The 
course  is  a  startling  experience  for  every  man  who 
takes  it.  For  four  hours  he  is  subject  to  intensive 
lectures  by  specialists  called  in  from  design  sections 
or  research  laboratories.  He  is  busy  taking  notes,  for 
he  knows  that  most  of  the  material  cannot  be  found 
in  textbooks,  and  he  likewise  knows  that  the  material 
might  provide  a  clue  to  his  weekly  problem  assign¬ 
ment — a  clue  which  might  reduce  the  20  to  30  hours 
normally  required  for  solution  to  10  hours. 
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ROOM  FOR  RADAR — Nonmetallic  >tnichir«  nearing  completion  at 
back  of  Park,  for  testing  huge  radar  antenna  arrays  regardless  of 
outdoor  weather  conditions.  Even  sprinkler  system  inside  is 
remoeoble  for  sensitire  tests 
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HOT  BOX — Here  receieers  and  components  con  be  tested  or 
operated  for  hours  at  temperatures  up  to  150  F  and  humidities 
up  to  100  percent  to  simulate  ambient  conditions  encountered  in 
any  part  of  world  where  electronic  equipment  is  used 


FAMILIAR  BREADBOARD — A  pause  lor  meditation  often  pays 
during  the  breadboard  stage  of  deyeloping  a  new  electronic 
product.  Here  is  the  true  old  foshioned  breadboard,  ruing  wood- 
screws  to  hold  the  parts  on  the  wood  base 


REFINED  BREADBOARD — A  communication  engineer  in  the  Elec¬ 
tronics  Laboratory  likes  his  breadboard  circuits  to  be  up  in  the  air. 
accessible  from  both  s’des  and  supported  by  a  relay  rack.  Other 
engineers  fasten  panels  to  small  wood  blocks 


Kin 


WINDOWLESS  HEAVEN — Sh^eMed  room  insid*  one  of  the  Becriyer  overhead  iluorescente  prove  too  noisy.  All  laboratories  ore  oir- 

Division  laboratories,  with  desk  lamps  for  delicate  tests  when  conditioned,  hence  lack  of  windows  here  is  no  hardship 


ing  course  is  conducted  for  the  express  purpose  of 
developing  men  interested  in  both  engineering  and 
production. 

Combine  an  interest  in  people  with  good  engineering 
know-how,  plus  a  love  for  change  and  travel,  and  you 
have  the  making  of  a  field  engineer.  Combine  a  liking 
of  people  with  a  dislike  for  the  slide-rule  engineering  of 
his  college  days,  and  you  have  a  sales  engineer,  simul¬ 
taneously  looked  up  to  and  down  at  by  his  fellow  engi¬ 
neers.  He  can  be  as  much  as  75  percent  engineer  and 
still  be  a  topnotch  salesman  because  of  the  market 
nature  of  the  product  he  sells. 

Add  diplomatic  qualities  and  market  analysis  to  an 
ability  to  look  ahead  and  you  have  the  commercial 
engineer,  who  provides  liaison  between  engineering, 
sales  and  advertising  and  is  broadly  responsible  for 
consumer  acceptance  of  a  product.  He  is  a  main  source 
of  ideas  for  new  products  because  he  is  continually 
in  touch  with  customers’  needs.  Part  of  his  work 
involves  writing  the  specifications  he  considers  desir¬ 
able  for  a  new  product,  and  later  making  sure  that 
the  final  product  is  good  enough  to  merit  customer 
acceptance. 

The  engineer  is  encouraged  and  aided  in  obtaijiing 
professional  recognition  and  prestige  by  membership 
and  committee  participation  in  engineering  organiza¬ 
tions,  by  delivering  talks  and  papers  before  engineering 


and  other  groups,  and  by  writing  articles  and  books. 

The  secret  of  getting  top-level  engineering  produc¬ 
tivity  lies  in  morale,  particularly  in  the  inspiration 
which  can  be  passed  to  and  from  the  engineer  and 
his  immediate  supervisor.  Throughout  the  engineer¬ 
ing  organization  at  the  Park,  there  are  generally  no 
more  than  12  engineers,  and  often  as  few  as  5,  under 
each  supervisor.  This  makes  for  rapid  two-way  com¬ 
munication  of  ideas,  discussion  of  gripes,  and  cor¬ 
rection  of  difficulties. 

Morale-Building  Techniques 

Each  supervisor  is  "aided  in  working  with  his  group 
by  reference  to  a  nine-point  job  program  developed 
from  a  company- wide  survey  of  emp’oyees.  If  pro¬ 
ductivity  lags,  the  fault  can  usually  be  found  in  the 
fact  that  the  company  has  not  considered  one  or 
more  of  the  nine  elements  inherent  in  a  good  job: 
Compensation,  working  conditions,  supervision,  job 
security,  respect  for  basic  human  dignity,  promotion 
practice,  information  on  management  aims,  belief  in 
the  individual  job’s  importance,  and  satisfaction  in 
a  job  well  done.  Inevitably,  GE  loses  some  engineers 
to  other  firms.  Such  moves  are  seldom  discouraged 
by  the  management,  and  as  a  result  GE  can  claim  to 
have  trained  the  best  engineers  of  many  a  competitor. 

Beyond  the  salary  question,  the  gripes  are  scattered 
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and  to  a  large  extent  self-contradictory.  One  engi¬ 
neer  goes  so  far  as  to  measure  with  a  recording  ther¬ 
mometer  the  temperature  of  his  air-conditioned  office 
and  to  complain  when  it  deviates  beyond  narrow  limits, 
while  another  engineer  objects  that  he  cannot  open 
the  windows,  sealed  for  the  air-conditioning,  to  smell 
the  clover  on  the  Park  grounds. 

Regular  meetings  of  all  engineers  in  each  division 
are  held  for  discussions  of  any  matter  conceniing  the 
men  and  their  relation  to  the  company.  Engineers 
interviewed  say  that  these  meetings  are  remarkable 
for  their  lack  of  double  talk;  an  unpopular  answer  to 
a  question  is  never  evaded.  Topics  of  discussion  include 
salaries,  employee  benefits  and  services,  the  budget, 
profit  and  loss  figures,  plans  for  new  products,  and 
the  competitive  position  of  the  Electronics  Department 
with  respect  to  the  entire  industry. 

Engineering  Facilities 

The  facilities  for  the  engineering  staff  are  of  two 
types:  an  office  and  adjoining  small  laboratory  where 
each  engineer  spends  most  of  his  working  time,  and 
specialized  laboratories  and  a  library. 

The  basic  engineering  office  houses  four  to  six  men, 
and  is  approximately  12  by  23  feet  in  size.  Adjoining 
it  is  a  laboratory  about  23  feet  square,  for  the  per¬ 
sonal  use  of  the  men  inhabiting  the  office.  An  elabo¬ 
rate  system  of  conduits  permits  electric  power  of 
various  voltages  and  frequencies  to  be  brought  out  at 
each  lab,  as  well  as  air  under  pressure,  vacuum  lines 
and  specialized  test  signals,  including  video  signals 
produced  by  the  central  video  generator  in  the  receiver 
plant. 

The  equipment  in  each  lab  depends  on  the  particu¬ 
lar  problem  at  hand.  In  receiver  development,  signal 
generators,  vacuum-tube  voltmeters,  Q-meters,  and 


oscilloscopes  are  to  be  found  in  nearly  every  lab,  and 
more  specialized  equipment  is  available  wherever 
needed.  Each  engineer  is  encouraged  to  requisition 
test  equipment  whenever  and  wherever  it  will  fill  a 
need. 

Many  of  the  specialized  facilities  are  located  in  the 
Laboratory  Building.  These  include  the  Park  library, 
a  model  shop  staffed  with  skilled  mechanics  and  wire- 
men,  a  small  chemical  laboratory  for  testing  materials, 
a  plating  laboratory,  painting  laboratory,  welding 
laboratory,  metallurgical  laboratory  and  photographic 
darkrooms. 

Most  of  the  development  laboratories,  particularly 
those  devoted  to  receiver  development,  have  individual 
shielded  rooms  within  which  may  be  found  electrical 
quiet,  so  elusive  near  manufacturing  plants.  Special¬ 
ized  antenna  erecting  and  testing  facilities  are  also 
available  in  profusion.  On  top  of  the  Receiver  and 
Transmitter  Buildings’  roofs  are  a  number  of  30-foot 
steel  pole.s  mounted  on  gear-and-crank  mechanisms 
which  permit  a  single  man  to  raise  or  lower  them.  A 
special  nonmetallic  building  60  feet  high,  for  testing 
radar  antennas  without  interference  from  metal  ob¬ 
jects,  is  located  in  one  corner  of  the  Park.  This  con¬ 
tains  a  steel  monorail  crane  support  and  a  sprinkler 
system,  but  these  may  be  temporarily  removed.  Radar 
and  similar  line-of-sight  transmitters  may  be  tested  in 
the  clear  at  a  site  on  top  of  a  nearby  hill. 

One  objection  many  engineers  have  to  working  in  a 
large  organization  is  the  tendency  toward  excessive 
standardization  of  equipment  and  methods.  The  Park 
management  has  attempted  to  avoid  this  pitfall,  as 
witness  the  case  of  the  lab  benches.  Five  distinctly 
different  styles  of  lab  bench  are  in  use,  one  for  each 
of  the  four  divisions  ahd  one  for  the  laboratory.  One 
design  could  have  been  imposed  by  the  management. 


October,  1948— ELECTRONICS 


HELP-YOURSELF  STOCKROOM — For  ongineera  who  like  to  pick 
and  chooso.  this  Transmitter  lob  stockroom  ranks  tops  in  popu¬ 
larity.  Cabinets  hare  numbered  drawers,  and  samples  of  parts 
are  mounted  on  boards  haring  corresponding  drawer  numbers 


MEASURING  THROUGH  LUCITE — Test  program  engineer  check¬ 
ing  telerision  monitor  unit  by  inserting  prods  through  holes 
orer  dangerous  high-roltage  terminals.  Transmitter  test  section 
has  now  been  in  operation  orer  a  year  without  era  accident 
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SWITCHES  TO  ORDER — Instead  oi  orderinq  specially  made  tom-  PLAYING  WITH  PLUMBING — Typical  workbench  scene  in  Got- 

ples  oi  complicated  waier  switches  and  waiting  weeks  ior  ship-  emment  Dirision  lob  assigned  to  microwoTe  derelopment 

ment,  engineers  in  one  Receiyer  lab  assemble  their  own  at  this  problems.  Jumpers  con  be  inserted  in  power  panel  at  rear  to 

cabinet,  which  contains  all  necessary  parts  iesd  any  desired  type  of  power  to  any  particular  bench 


but  the  engineers  couldn’t  get  together  on  one  design 
so  Dr.  Baker  approved  them  all.  Receiver  benches  are 
eight  feet  long,  while  Specialty  benches  are  five  feet 
long  with  drawers  underneath  at  the  right.  The 
Receiver  boys  are  quick  to  point  out  that  the  Specialty 
drawers  are  usually  blocked  by  a  soldering  iron  cord. 

Six  to  twelve  engineers  share  the  same  stenographer, 
an  arrangement  made  possible  by  the  fact  that  few 
of  the  engineers  dictate  correspondence  and  reports, 
preferring  to  write  them  out  longhand  for  retyping. 
The  stenographer  is  her  own  boss,  an  arrangement 
that  avoids  conflicting  directions  and  leads  to  a  dis¬ 
play  of  tact  on  the  part  of  the  engineers. 

Getting  a  Project  Started 

Ideas  for  new  or  improved  products  come  from 
many  sources.  Perhaps  the  most  valuable  are  those 
relayed  from  the  consumer  to  the  engineering  staff 
via  the  commercial,  field  and  sales  engineering  forces. 
Three  noteworthy  engineering  developments  of  the 
Electronics  Department,  the  self-contained  antenna  in 
standard  radio  sets,  the  variable-reluctance  pickup 
and  the  high-brightness  television  picture  tube,  all 
started  with  suggestions  from  customers.  Not  infre¬ 
quently  the  engineers  themselves  come  up  with  an  idea 
for  a  new  product,  but  usually  the  engineer  thinks  in 
terms  of  improvements  rather  than  innovations. 

Whatever  the  source,  the  idea  for  a  new  or  im¬ 
proved  product  is  channelled  initially  to  the  commer¬ 
cial  engineers  and  the  sales  department.  This  custom 
is  a  reflection  of  Dr.  Baker’s  settled  policy  of  develop¬ 
ing  only  products  that  can  be  sold  at  a  profit.  The 
commercial  and  sales  groups,  aided  by  the  staff’s 
marketing  manager,  •  study  the  suggestion,  calculate 
its  ultimate  selling  price,  then  judge  whether  the 
market  will  take  it  at  that  price.  If  the  answer  is 
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favorable,  the  idea  achieves  the  status  of  an  engineer¬ 
ing  project  involving  analysis,  circuit  design  and 
breadboard-building  to  see  whether  the  idea  can  be 
reduced  to  practice. 

The  projects  thus  approved  go  on  a  waiting  list, 
from  which  they  are  removed  in  a  priority  rotation 
established  by  the  division  manager  and  his  project 
committee.  One  of  the  divisions  keeps  track  of  avail¬ 
able  project  engineers  on  a  wall  chart  which  shows  the 
week-to-week  progress  of  current  work  and  thus  gives 
some  advance  prediction  of  availability  of  engineers. 

Often  the  work  may  be  assigned  to  a  project  team, 
since  it  is  not  always  possible  to  get  the  required  com¬ 
bination  of  leadership,  cost  consciousness,  engineer¬ 
ing  talent  and  originality  in  a  single  individual. 

When  the  project  engineer  gets  the  project,  with  it 
goes  a  definite  time  schedule  and  cost  budget.  He  is 
responsible  to  his  supervisor  for  putting  the  project 
through  within  these  established  time  and  money 
limits,  or  else  he  must  do  a  sales  job  to  get  more  of 
each.  The  project  engineer  then  requests  other  engi¬ 
neers  to  assist  him  in  the  work,  and  he’s  off  to  the  races. 

The  first  duty  of  a  project  engineer  is  to  query  the 
Laboratory  in  the  Park  to  see  if  any  new  ideas  are 
at  hand  or  in  the  offing  that  can  be  applied  to  the 
job  at  hand.  The  Research  Laboratory  at  Schenectady 
is  also  approached  for  this  purpose,  as  is  everyone 
else  in  the  Park  who  may  have  thoughts  or  ideas  to 
contribute.  All  this  is  routine,  made  compulsory  to 
insure  that  the  development  team  starts  where  others 
left  off,  rather  than  from  scratch.  Commercial  engi¬ 
neers  in  that  particular  activity  are  asked  what  com¬ 
petitors  are  doing.  Competitive  products  may  even 
be  purchased  and  dissected  as  a  prelude  to  creative 
development  work. 

With  all  the  facts  at  hand,  actual  design  starts.  Mak- 
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ROOFTOP  PANORAMA — Radio  commuBicotion  loti  point  on  Transmittor  Bidlding  rool.  with  land4in«  tolophono  "lust  in  caso' 


ing  it  work  comes  first,  and  here  each  engineer  hat; 
his  own' preferred  type  of  breadboard.  Some  like  to 
work  on  a  flat  metal  panel  supported  by  wood  blocks. 
Some  like  their  panels  to  be  vertical,  mounted  on  relay 
racks.  Some  simply  let  the  parts  flop  around  on  the 
workbench  for  the  early  hook-ups,  so  changes  can  be 
made  more  readily.  The  higher  the  frequency,  how¬ 
ever,  the  more  nearly  must  the  breadboard  version 
approach  the  final  precisely  machined  layout 

Engineers  having  specialized  knowledge  and  expe¬ 
rience  with  components,  cabinet  design,  mechanical 
design,  theoretical  principles  and  mathematical  pro¬ 
cedures  are  always  available  to  help  the  engineer  who 
is  in  charge  of  a  project.  In  the  component  parts  sec¬ 
tions  of  the  divisions  are  other  specialists,  thoroughly 
familiar  with  all  parts  avai'able  from  other  GE  depart¬ 
ments  and  from  outside  manufacturers. 

Technical  assistants  perform  the  many  routine  time- 
consuming  tests  associated  with  development  work. 
These  are  in  no  sense  flunkies,  however;  each  engineer 
is  expected  to  clean  up  his  own  workbench,  put  away 
his  own  tools  and  instruments  and  run  his  own  errands. 

Sometimes  the  engineer  builds  in  finished  model- 
shop  form  the  product  that  he  designed.  This  is 
authorized  on  small  rush  jobs  where  there  isn’t  time 
available  to  train  others,  or  where  the  quantity  needed 
is  so  small  that  it  wouldn’t  pay  to  train  others. 


FOR  TELEVISION  RELAYING — ^Porabollc  rn'lnctor  for  microwore 
toloTislon  roloying.  Tontilatod  to  catch  Imi  wind.  Enqineor  holds 
woToguido  torminus  that  bouncos  signals  back  to  roiUctor 


Transition  to  Production 

As  the  project  proceeds,  there  comes  a  time  when 
the  development  engineer  has  to  quit  shelling  com,  and 
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pass  on  whatever  he’s  jrot  to  the  next  team  in  line. 
Separating  the  engineer  from  his  brain  child  often 
requires  real  ingenuity  on  the  part  of  the  supervisor, 
r  No  one  can  predict  in  advance  how  long  it  will  take  a 
particular  engineer  to  develop  an  unknown  new  prod- 
i  uct  to  the  stage  where  it  is  ready  for  production.  Early 
I  estimates  must  be  revised  frequently  as  work  pro- 
[  grosses,  and  each  revision  makes  the  engineer  less 
[  respectful  of  deadlines. 

[  An  engineer’s  goal  is  perfection.  Knowing  this,  and 
[  knowing  that  perfection  is  never  achieved,  the  wise 
[•  supervisor  works  close  enough  with  his  men  to  know 
I  when  the  product  is  good  enough,  then  takes  it  away 
by  one  means  or  another.  It  is  rumored  that  one  super¬ 
visor  actually  stole  the  finished  sample  while  the  engi¬ 
neer  was  out  to  lunch,  and  turned  it  over  to  produc¬ 
tion  minus  last-minute  finishing  touches. 

The  philosophy  of  the  supervisor  is  to  encourage 
his  engineers  to  make  and  discover  enough  mistakes 
fast  enough  so  that  they  can  all  be  cleared  up  before 
production  starts.  Allowing  an  engineer  to  scratch 
his  head  carefully  for  an  extra  seven  months  during 
development  is  expensive,  yet  gives  no  insurance  what¬ 
soever  against  production  troubles.  Engineers  are 
helped  in  this  activity  by  an  industrial  design  section 
which  is  primarily  responsible  for  final  appearance 
of  the  product,  but  also  contributes  to  initial  design 
innovations  before  the  bugs  are  ironed  out.  Responsi¬ 
ble  to  the  manager  of  marketing,  this  section  makes 


plastic  pre-production  models  of  portable  radios  and 
clay  transmitter  models,  for  instance.  The  hope  and 
dream  of  the  supervisor  is  that  all  early  design  btigs 
be  little  ones,  such  as  are  caused  by  tolerance  clashes 
or  mechanical  misfits. 

With  electronic  manufacturing  back  to  its  highly 
competitive  pre-war  status,  quality  of  performance  is 
no  longer  enough  to  insure  sales.  Overall  appearance 
and  styling  must  likewise  be  top-notch  in  the  eyes  of 
the  customer,  whether  the  product  be  a  receiver,  a 
transmitter,  a  tube  tester,  or  even  a  tube.  Today  no 
design  is  permitted  t©  leave  a  design  section  in  the 
Park  until  it  has  been  made  up  in  model  form  from 
wood  or  plaster. 

Even  in  the  professional  field  of  precision  instru¬ 
ments,  the  engineer  is  faced  with  the  problem  of  build¬ 
ing  a  unit  which  will  work  and  at  the  same  time  be 
commercially  attractive.  In  time  an  engineer  acquires 
this  ability — a  “must”  to  satisfy  the  commercial  peo¬ 
ple  and  his  designer’s  instinct. 

Field  Engineering  Procedures 

Whereas  the  Receiver  Division  sends  out  service 
manuals  to  take  care  of  its  troubles  in  the  field,  the 
Transmitter  Division  sends  out  a  service  man  instead 
— an  engineer  who  applies  on  the  job  those  final  touches 
that  design  engineers  would  like  to  do  themselves. 
Field  engineering  achieves  its  greatest  importance  in 
the  Transmitter  Division,  where  each  customer  is  fol- 
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EVOLUTION  OF  A  RADIO  RECEIVER 

The  development  engineer  here  was 
asked  to  produce  a  table  model  set 
that  would  outperform  competitive 
models.  With  a  close  deadline,  the  logi¬ 
cal  approach  was  to  put  in  extra  tubes 
and  ports  whenever  in  doubt.  The  re¬ 
sulting  chassis,  at  extreme  left,  worked 
beautifully  and  was  put  into  produc¬ 
tion,  but  manufacturing  costs  were  out 
of  this  world  because  the  chassis  was 
flush  level  full  of  parts. 

The  engineer  was  kept  on  the  job. 
One  by  one  he  removed  bypass  capaci¬ 
tors  and  isolation  resistors,  measuring 
effect  on  performance  each  time.  At 
regular  intervals  a  cost-reduction  com¬ 
mittee  met  to  evaluate  accumulated 
savings.  By  the  time  the  engineer  had 
half-emptied  the  chassis,  the  committee 
authorized  launching  of  a  new  model 
(center  chassis),  and  the  assembly  line 
was  reprocessed  for  it. 

Still  costs  were  too  high,  so  the  proj¬ 
ect  was  continued.  Soon  the  version  at 
the  right,  stripped  down  almost  to  the 
bare  chassis,  will  go  into  production 
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lowed  up  and  served  directly  by  the  factory  personnel. 

The  field  engineer  by  necessity  has  a  degree  in  elec¬ 
trical  engineering,  plus  at  least  a  year  in  the  test  course. 
His  job  is  to  supervise  the  installation  of  GE  trans¬ 
mitters  and  other  equipment,  as  well  as  to  take  care 
of  troubles  that  develop  in  the  field.  Thus,  a  high 
degree  of  tact  and  diplomacy  is  required. 

Knowing  the  field  engineer’s  aversion  to  red  tape, 
GE  requires  reports  only  once  a  week.  'Longhand 
reports  in  pencil  are  okay,  with  no  copies.  When  these 
reports  come  in,  they  are  typed  up  and  copies  are 
routed  to  all  interested  persons.  They  may  suggest 
design  improvements  and  point  out  defects  just  as 
would  a  supercritical  customer.  The  tough  job  at 
headquarters  is  to  determine  who  or  what  is  at  fault — 
engineering,  production,  the  tubes  in  the  product,  or 
the  customer. 

Responsibilities  of  the  Laboratory^ 

Between'  the  fundamental  work  of  the  Research 
Laboratory  at  Schenectady  and  the  applied  develop¬ 
ment  of  the  Division  engineers  lies  the  field  of  activity 
of  the  Electronics  Laboratory.  Here  programs  of 
advanced  development  or  applied  research  are  gen¬ 
erated  in  all  lines  of  the  Department’s  activities, 
working  about  three  years  ahead  of  production. 


The  Laboratory  was  started  during  the  war  yeai  s, 
and  much  of  its  effort  is  still  concentrated  on  develoj)- 
ment  programs  for  the  military.  It  is  growing  at  a 
rate  determined  by  its  ability  to  recruit  and  absorb 
men  with  the  peculiar  qualifications  for  advanced 
development.  The  present  staff  consists  of  approxi¬ 
mately  80  people,  of  whom  about  40  hold  engineering 
degrees.  The  remainder  are  laboratory  assistants, 
model  shop  mechanics,  and  the  necessary  clerical  help. 
In  addition,  there  is  continuing  rotation  of  from  6  to 
12  assigned  people  from  the  company’s  training  pro¬ 
grams.  While  most  of  them  move  on  to  new  thret- 
month  assignments  elsewhere  in  the  Department  or 
in  the  company,  all  are  candidates  for  replacement  in 
the  Laboratory. 

The  responsibility  of  development  engineers  in  the 
Laboratory  Building  is  to  think  first  of  the  future 
and  to  take  calculated  risks  in  reducing  research  to 
practice  as  fast  as  possible,  for  the  advancement  of 
the  electronic  art  and  for  the  overall  profit  of  the 
Department’s  operations.  It  is  not  expected  that 
everything  tried  will  work,  nor  is  it  expected  that 
everything  which  works  will  get  into  production.  All 
that  is  expected  of  the  Laboratory  is  a  continued  out¬ 
put  of  ideas,  ready  for  the  next  stage  of  development 
by  the  operating  divisions. 


patent  application  ia  good  for  a  S25  bonus.  Top  man  patentwise 
at  the  Park  ia  Bob  Dome,  with  52  to  his  credit.  Patent  logs  ore 
examined  regularly  by  men  assigned  to  patent  department  liaison 


PATENT  LOG  BOOK — Each  engineer  has  one.  in  which  circuits, 
ideas  for  new  products,  mathematical  developments,  and  inven¬ 
tions  are  lotted  down  for  possible  use  by  patent  department.  Each 
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TELE  COMING  HOUND  THE  BEND— Chassis  ior  10-inch  table 
model  is  two-thirds  completed  as  it  comes  around  this  endless 
link-chain  conyeyor.  Special  )ig  on  conyeyor.  iitting  into  holes 


punched  in  chassis  for  the  purpose,  permits  setting  chassis  at 
yarious  angles  and  turning  it  oyer  wheneyer  necessary  as  it 
moyes  down' the  line 


All  four  of  these  elements,  integrated  throughout  all 
buildings,  are  the  Park’s  manufacturing  technique. 

Broad  decisions  as  to  which  division  will  make  a 
particular  product  or  line  of  products  are  made  gen¬ 
erally  by  the  vice-president  in  consultation  with  the 
interested  division  managers  and  their  staffs.  Within 
each  division,  committees  headed  by  the  manager  and 
containing  members  of  commercial,  sales  and  engi¬ 
neering  sections  meet  weekly  to  determine  the  future 
of  a  product.  One  purpose  of  these  meetings  is  to 
schedule  future  production  so  as  to  keep  labor  require¬ 
ments  as  nearly  uniform  as  possible  and  within  the 
allocated  labor  quota  for  the  division.  One  rigidly 
enforced  rule  is  that  every  promise  of  delivery  of  a 
design  or  a  production  quota  must  be  confirmed  in 
writing  if  initially  made  verbally.  Enough  differences 
of  opinion  rise  in  the  normal  course  of  events  without 
having  arguments  over  who  promised  what. 

Incentive  Pay 

In  all  Divisions,  as  many  assembly  workers  as  pos¬ 
sible  are  employed  on  a  basis  whereby  they  can  earn 
extra  pay  for  extra  output.  During  the  period  when 


Final  production  blueprints  are  converted  into 
finished  products  in  the  Receiver,  Transmitter 
and  Specialty  Buildings.  The  differences  in  manufac¬ 
turing  techniques  in  these  three  buildings  are  directly 
related  to  the  type  of  product  manufactured.  A  girl 
on  a  receiver  line  may  do  her  assigned  work  in  30 
seconds,  whereas  a  girl  at  a  bench  in  the  Transmitter 
Building  may  work  for  days  on  the  same  unit. 

In  discussing  production  at  the  Park,  certain  defini¬ 
tions  are  necessary.  Production  means  getting  ready 
for  manufacturing — doing  everything  except  putting 
together  the  product.  It  is  primarily  moving  of  mate¬ 
rials  so  they  will  be  at  the  right  places  at  the  right 
time.  The  receiving  room  and  the  stock  room  are 
in  charge  of  the  Production  Supervisor.  Mnnufactur- 
ing  is  making  things.  Production  starts  long  before 
manufacture  and  goes  on  concurrently  with  manufac¬ 
ture.  Inspection  is  mechanical,  involving  checking  of 
such  things  as  dimensions,  finishes  and  tolerances. 
Test  is  both  electrical  and  mechanical,  involving  check¬ 
ing  of  electrical  values  or  electrical  performance  char¬ 
acteristics  of  individual  components  and  both  physical 
and  electrical  specifications  of  the  finished  products. 
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MASS  PRODUCTION — General  Tiew  oi  manufacturing  floor  of  ee'i.  and  ordinary  receieer  production  will  be  traiuferred  to  out- 
Receieer  Ruild  ng.  with  teleTieion  receiTer  assembly  lines  in  lying  satellite  plants.  Fluorescent  lamps  directly  oeer  each  line 
foreground.  By  Christmos  erery  line  here  will  be  making  tele  and  celling  fluorescents  proTide  50  foot-candles  at  working  IotsI 


they  are  training  for  a  particular  assembly  operation, 
they  receive  a  guaranteed  hourly  rate.  Their  earning 
climbs  gradually  as  they  acquire  proficiency  in  doing 
their  assigned  work.  On  operations  involving  team¬ 
work  of  many  employees,  group  incentive  pay  is  used. 


CUTTING  RECEIVER  ASSEMBLY  COSTS 

Steady  introduction  oi  manuiacturing 
shortcuts,  like  welding  oi  resistor  leads 
and  ground  straps  to  chassis,  does  not 
oiiset  increased  hourly  rates  ior  labor. 

Automatic  receiver-building  machines 
based  on  printing  and  spraying  tech¬ 
niques  ore  under  investigation,  but  the 
high  initial  investment  reqxiired  is  a  major 
■  problem. 

SimpUiying  and  cleaning  up  circuit  de¬ 
sign  is  therefore  the  most  fruitful  avenue 
of  cost  reduction. 

Standardization  on  higher-rating  com¬ 
ponents  permits  high-voliune  purchasing 
savings  that  often  actually  reduce  cost. 
Thus,  half-watt  resistors  are  the  smallest 
used  in  receivers,  and  600-volt  paper 
capacitors  are  standard  except  for  cath¬ 
ode  and  ovc  circuits 


Prices  for  incentive  work  are  set  either  by  time 
studies,  by  tables,  or  by  comparison.  All  three  methods 
take  into  consideration  the  native  and  acquired  skill 
and  knowledge  of  the  employees,  the  amount  of  past 
training  and  education  required,  and  the  effort 
required  in  applying  the  skills  on  the  job.  The  perfect 
system  for  measuring  the  relative  amount  of  mental 
and ‘physical  effort,  required  on  various  jobs  has  not 
yet  been  devised;  perhaps  it  will  never  be,  but  the 
manufacturing  staff  is  constantly  working  toward  that 
end. 

There  is  no  attempt  to  lure  labor  from  other  manu¬ 
facturers  in  Syracuse  by  offering  higher  wages. 
Records  show  scores  of  cases  where  workers  left  for 
higher  wages  only  to  come  back  a  few  weeks  later  to 
the  clean  working  conditions,  good  lighting,  air-con¬ 
ditioned  comfort,  and  straightforward  management  at 
the  Park. 

Inspection  of  Parts 

Inspectors  in  all  divisions  are  on  hourly  pav  to 
insure  careful  work,  and  many  of  them  are  engineer¬ 
ing  graduates.  Inspection  is  based  on  modern  tech¬ 
niques  of  statistical  quality  control  sampling.  As  an 
example,  if  an  incoming  shipment  contains  100  units 
the  inspector  will  test  20  and  pass  all  if  there  are  no 
rejects.  If  there  is  one  reject  he  tests  40  more,  and 
passes  the  remainder  if  these  40  are  all  good.  If  he 
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finds  more  than  one  reject  in  the  first  60,  however,  he 
either  makes  a  100-percent  test  or  rejects  the  entire 
lot,  depending  on  how  badly  the  parts  are  needed. 

Vendors  who  sell  parts  to  the  Park  are  rated  every 
month  on  the  quality  of  their  product.  Since  the  goal 
in  the  purchasing  department  is  to  have  as  many 
reliable  vendors  as  possible  on  tap,  for  protection 
against  shutdowns  in  any  one  vendor’s  plant,  the  pur¬ 
chasing  staff  will  usually  send  representatives  to  the 
vendor’s  plant  for  a  detailed  look  into  the  situation 
before  black-balling. 

Receiver  Division  Problems 

The  job  of  the  Receiver  Division  is  to  manufacture 
radio  and  television  receivers  of  uniformly  high  qual¬ 
ity,  according  to  schedules  and  at  or  below  standard 
cost.  After  a  receiver  sample  is  delivered  by  Engi¬ 
neering,  the  Planning  Section  writes  a  detailed 
“process”  (schedule  of  operations)  and  sets  up  the 
necessary  physical  facilities  on  the  floor  to  care  for 
the  production  of  a  given  model.  This  process  is  based 
upon  standard  times  and  upon  time  studies  made  by 
the  Wage  Rate  group.  Concurrently  Production  takes 
over  the  vendors  which  have  been  established  by  the 
Purchasing  group,  schedules  them  and  expedites  mate¬ 
rial  deliveries  to  meet  the  line  schedules.  As  each 
given  model  progresses  it  is  the  responsibility  of  the 
Test  and  Inspection  group  to  obtain,  in  conjunction 
with  Planning,  the  necessary  test  and  inspection  facili¬ 
ties  to  care  for  the  model  adequately. 


Before  all  the  service  divisions  have  completed  their 
work,  pre-production  samples  are  built  according  to 
process  insofar  as  possible  and  delivered  to  Engineer¬ 
ing.  Within  two  or  three  weeks  thereafter  a  pilot  run 
of  50  receivers  is  manufactured,  using  all  the  produc¬ 
tion  facilities  which  will  finally  carry  the  processes, 
to  check  the  equipment,  allow  training  time  for  work¬ 
ing  leaders,  and  provide  Test  and  Inspection  Section 
with  finished  receivers  for  training  purposes.  This  per¬ 
mits  doing  on  a  planned  basis  what  is  sometimes  done 
on  an  unplanned  basis  at  considerable  extra  cost. 

After  the  pilot  run,  the  line  is  manned.  It  becomes 
the  responsibility  of  the  Manufacturing  Group  to  train 
new  operators  and  to  bring  the  line  up  to  speed.  Each 
line  is  provided  with*  an  organization  chart  showing 
the  number  of  operators  processed  for  the  line,  plus 
a  line  buildup  schedule  showing  how  many  sets  should 
be  produced  each  hour  during  the  period  when  the 
line  is  coming  up  to  schedule.  This  training  schedule 
is  the  result  of  considerable  research;  it  is  based  on  a 
formula  which  has  been  empirically  derived  to  take 
into  account  such  factors  as  the  time-cycle,  skill  of 
workers,  and  rate  of  production  desired. 

Each  line  is  divided  into  groups  of  ten  to  fourteen 
operators  in  charge  of  a  working  leader.  These  work¬ 
ing  leaders  do  the  majority  of  training  on  the  line. 
Absenteeism  is  cared  for  by  training  two  or  more  girls 
to  do  the  same  job,  enabling  breaches  in  the  line  to  be 
filled  effectively. 

Every  attempt  is  made  to  allow  nothing  but  quality 


THEY  RUN  PRODUCTION — Managers  oi  manufacturing,  left  to 
right:  Harold  Miller  of  Specialty,  A.  R.  Goodwin  of  Receiver,  and 
I.  A.  Barratt  of  Transmitter.  W.  B.  Gillen,  not  shown,  has  cor¬ 


responding  Tube  Divisions  job  at  Schenectady.  Meeting  produc¬ 
tion  schedules,  keeping  costs  down,  keeping  quality  up  and  keep¬ 
ing  workers  satisfied  *  are  iust  a  few  of  their  responsibilities 
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IT  WORKS — Adjtuting  horisontol  and  T*rtical  Unnaritr  controls  oi 
new  table-model  teleTision  receleer.  using  Tideo  signal  and 
400-C7cle  tone  obtained  from  central  signal  source  through  coaxial 
lines.  Picture  tube  is  liuerted  only  for  alignment  and  test  here,  os 
sets  are  shipped  without  the  tube 


WELDING  REPLACES  SOLDERING— With  electronicoUy  controUed 
resistance  welding,  this  operator  is  able  to  weld  15  gtaaiiding 
ribbons  and  one  resistor  lead  to  the  chassis  of  o  teleeislon  set 
during  the  two-minute  time  cycle.  A  snap-action  switch  built  into 
the  welding  electrode  applies  current  automatically 


products  to  leave  the  assembly  line.  This  is  done  by 
check  and  repair  and  repeated  inspection  both  in  and 
after  the  line.  Receivers  which  are  in  difficulty  are 
analyzed  as  rapidly  as  possible  and  sent  to  the  repair 
group  for  modification.  The  controlling  factor  in  the 
speed  of  all  lines  is  quality.  A  line  must  stay  below 
10  percent  rejections,  and  speed  is  held  down  until 
that  quality  level  is  realized.  It  has  been  found,  how¬ 
ever,  that  running  a  line  below  half  speed  does  not 
accomplish  a  great  deal  in  the  way  of  training;  the 
training  is  principally  for  speed,  and  not  simply  for 
memorizing  a  relatively  simple  operation. 

Inspection  cannot  in  itself  insure  quality  because 
there  is  still  the  possibility  of  human  error  in  the 
inspectors  and  final  test  men.  Therefore,  sampling 
inspection  techniques  are  employed  in  the  shipping 
room,  where  sealed  cartons  are  actually  opened  and 
sets  are  tested  again.  This  final  inspector  has  the 
authority  to  shut  down  the  entire  production  line 
until  the  trouble  has  been  corrected  if  he  discovers 
defective  sets  ready  for  shipment.  Of  course,  he  must 
be  pretty  sure  of  his  ground  when  he  shuts  down  a  line 
because  this  makes  many  people  above  him  unhappy. 

Getting  a  television  line  started,  as  many  manufac¬ 
turers  have  learned,  is  more  involved  than  ordinary 
radio  production.  To  obtain  large-scale  manufacture 
for  example,  one  line  at  the  Park  was  re-processed 
four  times,  resulting  in  many  new  work  assignments 
and  redistribution  of  operators’  positions.  The  final 
setup,  however,  employing  three  moving  conveyor  lines 
in  series  was  soon  producing  400  sets  a  day. 

Transmitter  Division  Production 

In  contrast  to  the  Receiver  Division  which  deals  in 
mass  production  for  orders  frequently  running  to 
hundreds  of  thousands  of  units,  the  Transmitter  Divi¬ 


sion  rarely  has  an  order  for  over  a  hundred  units. 
Furthermore,  some  of  these  units  sell  to  the  customer 
for  well  over  $500,000  each.  The  transmitter  manu¬ 
facturing  organization  employs  about  2,000  workers 
and  has  approximately  20  workers  under  each  super¬ 
visor. 

The  two  main  types  of  products  are  radar  units, 
communication  transmitters  and  special  electronic 
items  for  Government  use,  and  a  wide  variety  of  prod¬ 
ucts  for  commercial  use,  including  broadcast  equip¬ 
ment  (a-m,  f-m,  television),  communication  equip¬ 
ment  such  as  taxicab,  police,  aircraft  and  marine  sets, 
carrier  current  communication  and  controls,  electronic 
navigators,  electronic  heaters,  and  facsimile  equip¬ 
ment. 

Most  of  the  component  items  required  in  the  Trans¬ 
mitter  Building  are  specially  designed  and  must  be 
made  or  procured  in  small  quantities.  The  production 
section  has  the  responsibility  of  procuring  all  items 
called  for  on  the  material  lists  furnished  by  the 
Engineering  Section. 

On  items  to  be  manufactured  in  the  shop,  the  Plan¬ 
ning  Section  works  out  each  individual  step  in  pro¬ 
ducing  the  item  and  sets  a  price  for  producing  the 
item.  From  this,  the  price  allowed  each  employee  per 
piece  for  each  step  is  set  and  vouchers  are  made  up 
for  use  by  the  employees  as  pay  vouchers.  At  the 
same  time,  raw  materials  needed  are  accumulated  in 
the  stock  room  after  careful  incoming  inspection  test. 

The  foreman  in  charge  of  assembly  of  a  unit  now 
has  on  hand  the  needed  raw  material,  the  components 
purchased  outside,  and  the  pay  vouchers  covering 
manufacture  of  components  and  assembly  work.  He 
starts  one  or  two  people  on  the  smallest  assembly, 
gradually  building  up  his  group  to  the  required  size 
for  the  order  on  hand.  Finished  subassemblies  are 
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The  test  power  house  in  the  Transmitter  Building 
provides  a  variety  of  voltages  and  frequencies,  and 
these  can  be  fed  through  a  well-planned  cable  system 
to  any  test  setup  on  the  factory  floor.  Three  tempera¬ 
ture  chambers  are  available  for  operating  tests  at 
extremes  of  cold,  heat  and  humidity,  as  required  for 
most  government  equipment  and  for  some  commercial 
equipment..  Vibration  and  tilt  tables  that  can  dupli¬ 
cate  the  roll  and  pitch  of  a  battleship,  the  vibration 
of  an  airplane  engine,  or  the  bouncing  of  a  jeep  over 
rough  country  are  available  for  testing  commercial  as 
well  as  military  equipments  under  simulated  field  oper- 


ations.  Shielded  rooms  permit  measuring  sensitivity 
and  noise  right  on  the  factory  floor.  Dual  lighting 
systems  are  provided  in  these  rooms ;  fluorescent  lights 
are  normally  used,  but  for  delicate  tests  incandescent 
lamps  can  be  turned  on. 

To  insure  maximum  protection  to  the  operator  while 
conducting  tests  on  live  circuits,  interlocked  test  cages, 
safety  shields,  a  central  grounding  system,  and  many 
other  safety  devices  are  used.  The  success  of  these 
safety  measures  is  indicated  by  the  transmitter  test 
section’s  record  for  14  months  of  work — 534,250  man¬ 
hours  without  a  single  lost-time  accident  among  the 
employees. 

Even  the  huge  broadcast  and  shortwave  transmitters 
are  produced  on  an  individual  piecework  basis  com¬ 
puted  according  to  the  number  of  screws,  wire,  and 
parts  each  man  installs.  Workers  with  two  distinct 
kinds  of  aptitude  are  used  here.  The  true  mechanic, 
who  likes  to  mount  things  precisely  and  make  them 
line  up,  is  called  an  assembler  and  is  used  to  do  all 
of  the  mechanical  assembly  of  a  transmitter.  The 
electrician  type,  on  the  other  hand,  likes  to  hook  things 
up  according  to  circuit  diagrams;  he  is  called  a  wire- 


ELECTRONICS  DOES  IT — Thyration-tub*  control  for  driTo  motor 
of  ondlou  convoyor  on  toloTision  lino  (oiwTo  hood  of  man.  with 
coTor  romoTod).  Spood  control  knob  U  alongoido.  CrosooTor  con- 
▼oyor  in  ioroqround  brings  sots  from  ond  of  first  lino  (off  pictnro  at 
lowor  right)  to  start  of  socond  lino 


inspected  and  tested,  and  assembly  of  the  complete 
unit  is  started.  When  finished,  the  Test  Section  pro¬ 
ceeds  to  operate,  adjust  and  test  the  unit  in  accordance 
with  instructions  issued  by  the  Engineering  Section. 
Most  of  the  test  work  is  done  by  Test  Course  engi¬ 
neers,  working  closely  with  supervisors.  After  satis¬ 
factory  completion  of  tests,  the  manufacturing  group 
gets  a  last  chance  for  final  mechanical  inspection  and 
touchup  of  the  finish  before  the  unit  is  shipped. 


SCOREBOARDS  FOR  MISTAKES 

Before  each  worker  on  every  mov¬ 
ing  production  line  is  a  score  card. 
Whenever  on  inspector  or  supervisor 
discovers  a  mistake,  she  goes  right 
over  to  the  worker  responsible  for 
that  particular  operation,  and  mokes 
a  mark  on  her  score  card.  The 
psychology  of  this  silent  rebrike  has 
been  carefully  analyzed;  compara¬ 
tive  tests  made  with  and  without  the 
score  cards  show  the  system  to  be 
highly  effective  in  keeping  down  le- 
jects.  A  master  scoreboard  is  kept 
for  each  line,  in  view  of  all  workers, 
so  they  can  see  their  hourly  output 
and  total  rejections  at  a  glance 
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man  and  follows  the  assembler  to  complete  the  job. 

The  Specialty  Division  is  essentially  a  big  job  shop, 
where  the  setup  of  a  mechanical  machine  like  a  drill 
press  or  milling  machine  is  changed  as  often  as  20 
times  a  day.  It  uses  few  mass-production  techniques; 
just  as  soon  as  a  product. develops  enough  sales  volume 
to  become  interesting  to  another  operating  division, 
it  may  be  snatched  away  from  Specialty.  Here  the 
men  usually  work  from  samples  rather  than  detailed 
drawings. 

The  goal  is  to  get  the  time  cycle  for  a  particular 
operation  down  to  a  minimum.  In  the  Specialty  Divi¬ 
sion  this  can  be  anywhere  from  3  minutes  to  40  hours, 
in  contrast  to  the  Receiver  Division’s  average  cycle 
of  less  than  a  minute.  The  number  of  workers  assigned 
to  a  particular  order  depends  on  daily  production 
requirements  as  well  as  on  the  size  of  the  order.  So 
flexible  is  production  planning  here  that 'a  rush  job 
can  be  got  out  practically  overnight  if  need  be. 

Small  orders,  up  to  the  limit  of  25  units,  are  pro¬ 
duced  in  Specialty’s  model  shop,  just  off  the  produc¬ 
tion  floor,  where  everybody  is  paid  on  ah  hourly  basis. 

The  secret  of  efficient  production  in  Specialty’s 
model  shop  is  elimination  of  the  paper  work  asso¬ 
ciated  with  planning  of  production  and  setting  of 
piecework  rates.  An  engineer  develops  a  new  product 
and  turns  it  over  to  a  wire  man.  He  in  turn  wires  up 
and  builds  a  production  sample,  then  teaches  girls  to 


make  the  rest  of  the  run. 'All  planning  is  done  in  the 
head  of  the  wireman,  with  the  girls  memorizing  their 
duties  and  using  the  production  sample  as  their  guide. 
With  runs  under  25,  it  costa  more  to  break  down  the 
job  on  paper  into  individual  assignments  than  the 
job  is  w’orth. 

Conclusion 

These,  then,  are  the  men  ^  and  the  facilities  of 
Electronics  Park.  On  them  lies  the  responsibility  and 
the  challenge  to  substantiate  Dr.  Baker’s  theory  that 
one  can  have  the  excellent  accommodations  of  the  Park 
and  still  meet  competition.  So  far,  the  theory  has 
stood  the  teat  of  performance. 

An  article  of  this  detailed  nature,  covering  such  in¬ 
tangibles  as  how  engineers  think,  would  have  been 
impossible  without  the  cooperation  of  a  large  number 
of  people.  A  complete  list  of  the  names  of  those  who 
contributed  so  freely  of  their  time,  their  ideas  and 
their  data  would  fill  this  page,  hence  only  a  few  can 
be  mentioned.  Appreciation  is  expressed  to  Dr.  W.  R. 
G.  Baker  for  making  this  article  possible;  to  E.  L. 
Robinson  for  making  preliminary  arrangements;  to 
Andy  Tobin  for  scheduling  the  interviews  and  serving 
as  guide  during  the  entire  period;  to  George  Burns 
of  Schenectady  for  photography;  and  to  practically 
everyone  in  the  organization  chart  of  the  Park  for 
their  help. — J.  M. 


ORGAN-TYPE  CONSOLE — For  tmcdl  production  runs  in  Tronsmitior  does  practically  tho  ontiro  lob  of  assembling  personai  aircraft 

Building,  long  time  cycles  ore  most  economical.  Here  one  operator  radios,  working  from  a  sampie  and  eye-ieyei  instruction  sheets 
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Controls  and  switches  on  panel 


Chassis  of  electronic  portion  ol  the  wide-range  Toltmeter  lor  meosuring  norrow  pulses 


Peak-to-Peak  Voltmeter 


Pulses  and  transients  of  short  duration  are  measured  by  an  instrument  having  extremely 
high  input  impedance.  Pulse-stretching  circuits  are  used  and  an  amplifier  feedback 
arrangement  provides  substantially  zero-impedance  output 
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IN  THE  DESIGN  of  electronic  a-c 
voltmeters  and  ammeters,  a  de¬ 
sirable  trend  has  been  toward  de¬ 
velopment  of  average  or  rms-read- 
ing  instruments  in  order  that  the 
measurements  may  more  accurately 
indicate  actual  power  regardless  of  ’ 
frequency  or  waveform. 

There  is  also  an  increasing  de¬ 
mand  for  instruments  yielding 
peak  or  peak-to-peak  indication  of 
repetitive  waveforms.  This  re¬ 
quirement  is  a  more  particular  one 
in  the  instance  where  the  average 
value  over  one  cycle  is  negligibly 
small,  as  in  the  case  of  television 
synchronizing  pulses,  and  in  a 
wide  variety  of  timing  and  con¬ 
trolling  operations.  Here,  the  en¬ 
ergy  level  as  represented  by  rms 
values  may  be  unimportant,  and  the 
maximum  (or  minimum)  excursion 


of  the  wave  is  the  dimension  to  be 
measured  together  with  wave 
shape  and  timing  information. 

In  the  design  of  electronic  equip¬ 
ment  such  as  high  quality  ampli¬ 
fiers,  modulators,  transmitters  and 
recorders,  it  is  the  peak  values  of 
signal  that  extend  beyond  the  linear 
range  and  cause  undesirable  tran¬ 
sients,  distortion  and  intermodula¬ 
tion.  If  the  transients  are  of  short 
duration,  they  are  not  measured  by 
rms  meters. 

Measurement  of  the  absolute  in¬ 
dication  of  narrow  voltage  pulses 
imposes  a  rather  difficult  require¬ 
ment  on  available  materials  and 
techniques.  The  voltmeter,  to 
justify  the  term,  must  fully  re¬ 
spond  to  the  pulse  without  consum-. 
ing  it.  The  difficulty  becomes  im¬ 
mediately  apparent  when  the  usual  * 


diode  peak-reading  voltmeter  is 
connected  to  a  source  of  pulses  of 
2  microseconds  width  which  are  re¬ 
peated  say  10  times  per  second. 
Since  the  storage  capacity  in  the 
diode  circuit  must  be  great  enough 
to  keep  the  output  ripple  small,  the 
total  energy  continually  dissipated 
by  the  diode  load  resistor  must  be 
supplied  in  less  than  2  microsec¬ 
onds. 

For  example,  if  the  peak  2-micro¬ 
second  pulse  voltage  being  meas¬ 
ured  is  10  volts,  the  energy  in  a 
1-megohm  diode  load  resistor  will 
be  1  X  10  *  watt.  This  continuous 
power  must  be  supplied  in  a  small 
percentage  of  the  time  (0.002  per¬ 
cent).  To  supply  this  continuous 
diode  load  power,  the  source  being 
measured  must  supply  an  instanta¬ 
neous  power  of  5  watts.  Since  this 


is  a  rather  high  power  level,  neither 
the  source  being  measured  nor  the 
diode  of  the  voltmeter  will  handle  it 
and  the  reading  will  be  in  error. 

As  the  pulse  width  or  the  repeti¬ 
tion  rate  is  further  diminished, 
the  error  is  greater  still.  The  effect 
is  also  more  pronounced  when  the 
peak  voltage  being  measured  is 
below  about  5  volts  since  then  the 
curvature  of  the  diode  character¬ 
istic  nuikes  the  diode  impedance 
abnormally  high  and  still  further 
limits  its  peak  power-handling  ca¬ 
pability.  The  combined  effects  de¬ 
scribed  limit  the  best  conventional 
diode  peak  voltmeter  to  measure¬ 
ments  above  a  few  volts  and  having 
a  duty  cycle  not  less  than  0.1  per¬ 
cent. 

The  modem  cathode-ray  oscillo¬ 
graph  yields  both  voltage  and 
wave  shape  indications  and  with 
proper  amplification  and  intensified 
trace  formation,  this  instrument 
can  identify  practically  any  recur¬ 
rent  wave  to  the  user  when  suitably 
calibrated.  However,  the  combina¬ 
tion  of  a  stable  electronic  circuit 
and  a  precision  meter  will  afford 
indications  that  can  be  made  reli¬ 
able  within  one  or  two  percent 
whereas  an  accepted  reading  error 
of  5  percent  accompanies  the  oscil¬ 
lograph  indication.  The  latter  fig¬ 
ure  may  easily  rise  to  10  percent 
when  the  factors  of  calibration 
source  error  and  its  associated  read¬ 
ing  error  are  taken  into  account. 

The  basic  design  of  the  peak¬ 
reading  voltmeter  under  considera¬ 
tion  is  the  am^ifier-rectifier  type 
SUCH  as  has  been  popular  for  a-c 
measurements  in  the  past  decade'. 
Each  portion  of  the  present  instru¬ 
ment,  however,  demands  a  new  ap¬ 
proach  to  secure  the  desired  re¬ 
sponse  to  steep  wavefronts  and 
narrow  peaks. 


diode  reptifier  T,  with  the  relatively 
long-duration  (stretched)  pulse  t« 
charge  its  output  load  capacitor  Ct. 
Since  the  signal  pulse  has  been  ap¬ 
preciably  lengthened,  the  duty  cycle 
of  diode  T,  has  been  improved  con¬ 
siderably  and  no  difficulty  is  had 
charging  C,  to  the  full  peak  value 
of  the  signal  voltage.  Triode  T,  re¬ 
peats  this  d-c  voltage  into  a  low- 
impedance  measuring  meter. 

Capacitor  C„  together  with  R., 


a  pulse  stretcher,  the  output  volt¬ 
age  being  depicted  in  Fig.  1,  along 
with  the  graphical  representation 
of  voltages  in  the  other  stages.  The 
time  scale  shown  is  an  approximate 
one  but  serves  to  indicate  the  ef¬ 
fective  increase  in  energy. 

Since  the  impedance  of  the  volt¬ 
age  source  at  the  grid  of  T,  is  rela¬ 
tively  high,  -Tt  is  used  as  an  im¬ 
pedance  step-down  repeater  ampli¬ 
fier  to  drive  a  second  conventional 


FIG.  1 — Circuit  and  woruformi  of  pulse  atretchere  and  impedance  atep-down  repeaters 


Rectifier 

The  circuit  employed  to  increase 
the  rectified  energy  available  for 
driving  the  output  meter  is  illus¬ 
trated  in  Fig.  1.  The  input  wave 
encounters  a  typical  diode  rectifier 
in  the  first  stage. .  Capacitor  C,  is, 
however,  smaller  and  higher  in  im¬ 
pedance  than  is  usual,  permitting 
the  grid  of  triode  T,  to  rise  to  the 
peak  value  of  a  sharp  spike  without 
rounding  it  off.  This  diode  and  ca¬ 
pacitor  combination  functions  as 


■In  tha  praomplUiar  circuit  tha  uaa  of  iaadbock  pannits  tha  ampliiiar  to  hora 
substantially  saro  output  impadonca 
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FIG.  3 — Wid«-band  operation  is  indicalsd  by  Toltags-Tsrsus-freqiisiicy  characisristic 


determines  the  time  constant  of  the 
meter  circuit  and  at  the  same  time, 
the  low-frequency  limit  of  opera¬ 
tion.  With  the  component  values 
shown,  this  circuit  responds  uni¬ 
formly  to  pulses  of  the  same  peak 
level  when  the  pulse  width  varies 
from  a  maximum  (square  wave)  to 
a  minimum  of  less  than  2  microsec¬ 
onds  at  20  pps. 

To  adapt  this  rectifier  circuit  to 
the  widest  variety  of  applications, 
an  amplifier  preceding  it  is  a  neces¬ 
sity.  The  amplifier  designed  for 
this  purpose  provides  wide  input 
voltage  range  coverage  with  simple 
switching,  uniformly  high  input 
impedance  and  low  output  imped¬ 
ance,  adequate  output  voltage 
swing  and  high  stability. 

The  amplifier  is  required  to  pro¬ 
duce  a  linear  output  versus  input 
relationship  over  a  10  to  1  ampli¬ 
tude  range  to  satisfy  the  decade 
switching  feature  (the  indicating 
meter  is  of  the  logarithmic  scale 
type  calibrated  from  1  to  10). 
Furthermore,  the  low-voltage  limit 
must  exceed  several  volts  to  avoid 
encountering  the  curved  portion  of 
the  diode  characteristic.  Finally, 
the  stability  must  be  such  as  to  in¬ 
troduce  negligible  errors  when 
factors  of  line  voltage  variation 
and  tube  changes  are  considered. 

The  present  design  yields  a  peak- 
to-peak  voltage  swing  of  9  to  90 
volts  and  the  sensitivity  of  the 
meter  circuit  is  adjusted  so  that 
these  figures  correspond  to  mini¬ 
mum  and  maximum  scale  deflection 
respectively.  The  incorporation  of 
about  25  db  negative  voltage  feed¬ 
back  insures  amplifier  stability 
equivalent  to  the  attenuator  and 
output  indicating  meter  tolerances 
(±1  percent). 

Design  of  Amplifier 

Initial  experiments  with  the  rec¬ 
tifier  section  showed  that  the  signal 
voltage  source  impedance  to  the 
rectifier  must  be  kept  low  if  opti¬ 
mum  peak  response  is  to  be  had. 

This  factor  demands  the  applica¬ 
tion  of  an  amplifier  ahead  of  the 
rectifier  section  even  if  only  as  an 
impedance  transformer.  It  further 
requires  the  amplifier  to  have  an 
output  impedance  of  about  100 
ohms  if  Cl  is  to  charge  up  to  the 
peak  value  of  a  l-ji-sec  pulse  in  0.01 
j-sec  (or  1  percent  of  this  pulse  in¬ 


terval).  The  latter  figures  do  not  in¬ 
clude  the  forward  resistance  of  the 
diode  or  inductance  of  wiring  and 
circuit  elements. 

The  requirement  of  low  driving 
impedance  has  been  met  by  a 
method  which  has  received  rela¬ 
tively  little  attention.  By  its  use, 
the  apparent  output  impedance  of 
the  amplifier  may  be  reduced  to 
zero  (or  may  be  made  negative  if 
desired  to  compensate  for  positive 
resistance  in  the  diode). 

Figure  2  shows  the  basic  ampli¬ 
fier  circuit.  Negative  feedback 
from  the  plate  of  output  tube  T, 
to  the  cathode  of  the  first  amplifier 
stage  T,  causes  output  load  varia¬ 
tions  to  be  reflected  through  the 
nominally  high  impedance  of  T, 
into  the  amplifier  circuit.  In  this 
way,  the  cathode  current  at  the 
output  stage  is  effectively  modu¬ 
lated  by  output  load  variations. 

If  the  output  load  is  low,  the  out¬ 
put  current  and  cathode  current  of 
Tt  will  be  increased.  The  increased 
cathode  current  of  T,  results  in  an 
increased  positive  feedback  voltage 
from  the  cathode  of  T,  to  the 
cathode  of  T,.  This  acts  to  effec¬ 
tively  increase  the  output  current. 
The  reverse  of  the  above  is  true 
when  the  output  load  impedance  is 
high.  The  proper  amount  of  posi¬ 
tive  feedback  as  shown  enables  the 
amplifier  to  have  substantially  zero 
output  impedance  within  the  out¬ 
put  current  limits  of  Tt. 

The  principle  employed  in  reduc¬ 
ing  the  output  impedance  of  the 
amplifier  had  been  suggested  some 
years  ago*  *  and  had  also  seen  prac¬ 
tical  application  in  loudspeaker 
amplifiers  where  excellent  damping 
of  cone  resonances  was  observed*. 
A  typical  voltage  versus  frequency 
characteristic  for  a  sine-wave  input 


is  shown  in  Fig.  3. 


Second  Amplifier 

Additional  gain  is  obtained  by  a 
two-stage  preamplifier  similar  to 
that  shown  in  Fig.  2  but  omitting 
the  positive  feedback  feature.  The 
use  of  two  separate,  independent, 
cascaded  amplifiers  of  two  stages 
each  permits  use  of  an  attenuator 
between  the  units. 

.  The  range  switch  includes  a  sec¬ 
tion  which  is  interposed  between 
the  units  and  provides  10:1  step- 
down  from  maximum  gain.  By 
employing  this  arrangement  as  the 
first  step  of  the  attenuator,  any 
slight  noise  or  hum  appearing  in 
the  input  tube  is  thus  reduced  20  db 
on  all  ranges  but  the  first.  The 
other  ranges  are  accommodated  by 
attenuation  in  the  input  to  the 
amplifier.  With  the  proper  choice 
of  compensated  resistor  elements, 
this  has  been  found  to  be  a  most 
reliable  method  of  range  multipli¬ 
cation. 

In  the  final  version  of  the  volt¬ 
meter,  a  full-wave  meter  rectifier 
circuit  is  used  so  that  peak  to  peak 
values  are  indicated  by  the  meter. 
This  is  believed  to  be  of  greater  in¬ 
terest  in  the  majority  of  cases  than 
half-wave  operation  where  polarity 
of  only  one  sign  would  be  regis¬ 
tered.  The  instrument  shown 
covers  a  range  of  0.001  volt  to  1,000 
volts  peak  to  peak  or  0.00035  to  355 
volts  in  terms  of  rms  values  of  a 
sine  wave. 
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FIG.  1 _ Prasoturated  reactors  can  be  Tarioiuly  arranged.  The  simplest  iorm  is  two  identical  units  (A),  but  equiralent  results  are 

obtained  by  winding  the  coils  on  one  core  (B)  and  (C).  This  configuration  (B)  con  be  combined  with  rectifiers  to  produce  a  doubler 
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Before  launching  into  a  discus¬ 
sion  of  the  subject,  it  is  de¬ 
sirable  to  distinguish  between  sat¬ 
urable  reactors  and  magnetic 
amplifiers.  Without  attempting  to 
formulate  definitions  of  these  es¬ 
tablished  terms  it  is,  nevertheless, 
desirable  to  review  some  of  the 
accepted  differences  recognized  by 
workers  in  this  field.  It  is  imprac¬ 
tical,  even  artificial,  to  distinguish 
between  these  devices  on  the  basis 
of  construction,  function,  or  cir¬ 
cuitry.  To  delineate  the  areas  cov¬ 
ered  by  the  two  terms  on  the  basis 
of  common  usage  is  futile  because 
they  are  used  interchangeably,  the 
older  term,  saturable  reactor,  be¬ 
ing  the  more  widely  recognized. 

A  clear  means  of  demarcation 
seems  to  be  that  every  magnetic 
amplifier  includes,  as  an  essential 
component,  a  ferromagnetic  device 
with  adjustable  inductance.  Com¬ 
monly,  the  amplifier  is  supplied  with 
power  from  an  alternating  current 
source  so  that  this  ferromagnetic 
device  can  be  a  saturable  reactor,  or 
transductor  as  it  is  termed  in 
Europe.  From  this  viewpoint,  a 
saturable  reactor  is  a  part  of  a 
magnetic  amplifier.  This  viewpoint 
is  not  essential,  but  if  followed  con¬ 
sistently  could  avert  ambiguity. 

Saturable  Reactors 

Several  simple  saturable  reactor 
arrangements  are  shown  in  Fig.  1. 
The  one  in  Fig.  lA  can  be  made  by 


connecting  a  pair  of  conventional 
two-winding  transformers.  The  a-c 
or  power  windings  may  be  connect¬ 
ed  in  series  or  in  parallel.  The  d-c  or 
control  windings  are  wound  and  con¬ 
nected  with  respect  to  the  a-c  wind¬ 
ings  that  no  net  voltage  of  the  fun¬ 
damental  power  frequency  appears 
across  the  control  circuit  terminals. 
The  arrangements  shown  in  Fig.  IB 
and  1C  are  quite  similar  in  control 
characteristics  to  that  at  Fig.  lA. 
There  are,  however,  slight  differ¬ 
ences  involving  transients  and  leak¬ 
age  reactances.  Many  variations  of 
this  basic  circuit  are  possible,  but 
all  have  similar  performance  cha¬ 
racteristics.  The  manner  of  opera¬ 
tion  of  the  simple  saturable  reactor 
has  been  amply  discussed  in  the  lite¬ 
rature  and  need  not  be  reviewed  nor 
enlarged  upon  here.  The  self-satu¬ 
rating  type  of  reactor  is  of  greater 
interest  and,  although  it  has  been 
discussed  in  the  literature,  a  brief 
explanation  of  Fig.  2  will  show  the 
essential  features  of  its  operation. 

The  circuit  of  Fig.  2A  serves  to 
demonstrate  the  operation  of  self 
saturation.  While  the  circuit  itself 
is  of  little  practical  value,  it  is  the 
simplest  self-saturating  type  of  re¬ 
actor  circuit,  and  its  oscillograms 
showing  the  effect  of  control  pre¬ 
magnetization  apply  almost  exactly 
to  practical  circuits.  The  circuit  con¬ 
sists  of  a  saturable  reactor,  a  recti¬ 
fier,  a  load  and  an  a-c  source  all  in 
series.  The  reactor  has  an  auxili¬ 
ary  winding  which  is  supplied  with 
control  current  from  a  high-impe¬ 
dance  source.  The  oscillograms  in 
Fig.  2B  show  the  load  and  supply 
voltages  as  functions  of  time  and 


indicate  the  manner  in  which  the 
load  voltage  can  be  adjusted  by 
means  of  the  control  premagnetiza¬ 
tion.  (The  resemblance  of  this  type 
of  control  to  thyratron  control  is 
obvious.)  Corresponding  magnetic 
conditions  in  the  core  are  shown  in 
the  lower  oscillograms  (Fig.  2C), 
which  illustrate  the  effect  of  the 
control  current  on  the  minimum  or 
initial  flux  density  Bo,  and  also 
upon '  the  undirectional  pulsating 
load  current.  Adjustment  over  the 
range  of  control  shown  in  the  dia¬ 
gram  (Fig.  2D)  is  effective  in 
changing  the  output  in  a  lOO-ohm 
load  from  1.5  milliamperes  to  150 
ma.  It  should  be  noted  that  the 
maximum  flux  density  at  the  mini¬ 
mum  current  or  cut-off  condition 
(Fig.  2E)  is  so  adjusted  that  the 
hysteresis  loop  is  symmetrical  and 
shows  a  total  excursion  of  flux  den¬ 
sity  of  just  less  than  twice  the  satu¬ 
ration  flux  density  of  the  material. 

There  is  a  rather  sharp  increase 
of  the  load  current  as  the  core  flux 
density  reaches  saturation.  Because 
of  this  action  the  circuit  yields  to 
analysis  on  the  basis  of  sharp  firing. 
Such  analyses  have  been  made  and 
give  calculated  waveforms  and 
transfer  curves  that  are  in  fair 
agreement  with  measurements. 

As  previously  mentioned,  the  sin¬ 
gle  reactor  is  of  little  practical  value 
unless  provision  is  made  for  mini¬ 
mizing  the  fundamental  component 
of  current  induced  into  the  control 
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(D)  or  a  fuU-wore  circuit  (E).  Those  elements  can  be  grouped  (F),  (G)  and  (H)  ior  three-phase  operation.  Further  elaboration  oi  the 
single-phase  circuits  to  obtain  continuous  rectified  feedback  current  (I)  and  (J)  results  in  the  self-saturating  magnetic  amplifier 


and  Magnetic  Amplifiers 


Use  of  saturable  reactors  as  components  of  magnetic  amplifiers  is  described.  The  author 
discusses  effects  on  performance  of  core  material  and  assembly,  and  points  out  importance 
of  reproducibility  of  core  materials  and  rectifier  properties.  Applications  are  described 


and  IH.  The  first  (Fig.  IF)  is  a 
simple  3-phase  Y-connection  with 
the  control  windings  arranged  so 
that  no  voltage  component  of  fun¬ 
damental  frequency  appears  at  the 
control  circuit  terminals.  Other  cir¬ 
cuits  shown  include  (Fig.  IG)  the 
3-phase  full-wave  circuit  and  (Fig. 
IH)  the  6-phase  circuit  with  inter¬ 
phase  transformer.  The  polyphase 
circuits  are  commonly  used  for 
larger  power  outputs,  particularly 
where  fast  response  and  optimum 
utilization  of  reactor  structure  are 
important.  The  latter  condition  de¬ 
velops  in  virtue  of  the  fact  that  the 
several  polyphase  circuits  have  dif¬ 
ferent  internal  impedances  when 
made  with  identical  reactors,  per¬ 
mitting  the  load  impedance,  which 
may  be  fixed  by  external  considera¬ 
tion,  to  be  matched  more  closely. 


less  core,  the  self -saturating  circuit 
for  which  data  is  shown  is  about  50 
times  more  sensitive  than  the  sim¬ 
pler  circuit  using  the  same  core. 
Furthermore,  in  this  same  circuit, 
the  4750  iron  has  an  advantage  of 
40  times  in  sensitivity  over  silicon 
iron.  This  makes  evident  the  supe¬ 
riority  of  the  better  steel.  Of  course, 
the  data  are  not  strictly  comparable 
because  of  the  difference  in  geome¬ 
try  of  the  cores,  but  the  curves 
shown  may  be  taken  as  representa¬ 
tive  of  conditions  obtained  in  two 
types  of  cores  which  do  have  ap¬ 
proximately  the  same  mean  magne¬ 
tic  path  length.  The  peak  ampere- 
turns  of  the  load  current  is  over 
1,000  times  the  control  ampere- 
turns  for  saturation  for  the  self- 
saturating  circuit  with  nickel-steel 
core,  while  the  ratio  in  the  case  of 
the  same  circuit  with  the  air-gap 
silicon  steel  core  is  approximately 
five  for  the  particular  set  of  data 
shown  in  Fig.  3A. 

Similar  contrasts  of  the  sensitiv¬ 
ity  of  the  self-saturating  circuit  for 
other  .core  materials,  such  as  Per- 
malfoy,  Permenorm  5000-Z  and  Su- 
permalloy  show  increases  in  sensi¬ 
tivity  over  4750  of  the  order  of  2.5 
times  for  the  Permalloy  and  about 
25  times  for  Permenorm. 

The  single-phase  doubler  and  fullr 
wave  circuitis  may  be  arranged  for 
polyphase  operation.  Several  such 
circuits  are  shown  in  Fig.  IF,  IG, 


winding.  This  may  be  done  by  in¬ 
serting  a  high  impedance  in  the  con¬ 
trol  circuit  or  by  connecting  two 
reactors  or  arranging  several  wind¬ 
ings  in  such  a  way  that  the  induced 
current  is  minimized.  The  last  al¬ 
ternative  is  illustrated  by  the  cir¬ 
cuits  of  Fig.  ID  and  IE.  The  cir¬ 
cuit  of  Fig.  ID  is  called  a  doubler; 
it  gives  alternating-voltage  output. 
The  circuit  of  Fig.  lE  is  called  a 
full-wave  circuit;  its  output  is  d-c. 

Effect  of  Core  Material 

The  contrast  between  the  sensi¬ 
tivity  of  the  simple  saturable  reac¬ 
tor  circuit  and  that  of  the  self-satu- 
rating  type  may  be  seen  in  Fig. 
3A.  The  transfer  curves  shown  in 
this  diagram  were  taken  for  two 
sets  of  reactors  of  approximately 
the  same  mean  flux  path,  one  con¬ 
structed  with  standard  E-I  silicon 
steel  laminations  and  the  other  with 
gapless  medium-nickel  iron  alloy 
(Allegheny  Ludlum  4750)  ring  la¬ 
minations.  In  each  case,  data  is 
shown  for  both  the  simple  reactor 
circuit  and  the  self -saturating  type. 

Two  important  differences  are 
evident:  (1)  the  increased  sensitiv¬ 
ity  of  the  self-saturating  circuit 
and  (2)  the  improvement  of  per¬ 
formance  obtainable  with  the  bet¬ 
ter  steel.  With  silicon  steel,  the  self- 
saturating  circuit  is  five  times  more 
sensitive  than  the  simple  reactor, 
while  with  the  4750  nickel  steel  gap¬ 


Magnetic  Amplifiers 

Because  the  change  in  load  cur¬ 
rent  can  be  greater  than  the  change 
in  control  current  that  produced  it, 
saturable  reactors  can  be  used  as 
amplifiers.  To  improve  their  per¬ 
formance,  feedback  is  commonly 
used,  particularly  in  the  simple  cir¬ 
cuits  that  do  not  employ  self-satu¬ 
ration.  Usually  the  load  current  is 
rectified  in  a  full-wave  bridge  and 
introduced  in  a  special  feedback 
winding  on  the  reactor  structure  in 
such  a  manner  as  to  aid  the  control 
current  ampere-turns.  Two  single- 
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phase  feedback  circuits  are  shown 
at  Fig.  II  and  IJ.  As  in  the  simple 
reactor  circuits,  the  main  windings 
may  be  connected  in  series  or  in 
parallel,  and  the  load  may  be  placed 
in  either  the  a-c  or  d-c  circuit. 

Transfer  curves  of  a  reactor  with 
adjustable  feedback  are  shown  in 
Fig.  3B.  The  effect  of  increasing 
the  positive  feedback  factor  is 
shown  by  the  increased  slope  of  the 
transfer  characteristic.  Of  course, 
this  increase  in  sensitivity  with 
positive  feedback  is  obtained  at  the 
expense  of  the  speed  of  response  of 
the  reactor  circuit  and  the  stability 
of  the  system  in  which  the  reactor 
is  used.  Negative  feedback  results 
in  an  extended  range  of  linearity 
of  the  transfer  curve. 

In  both  cases,  window  space  is 
occupied  by  the  feedback  winding, 
so  that  the  reactor  structure  must 
be  derated  by  an  amount  which  in¬ 
creases  with  the  degree  of  feedback. 
As  an  example,  in  order  to  provide 
100-percent  feedback,  (feedback 
turns  equal  to  main  turns) ,  a  simple 
reactor  would  have  to  be  derated  by 
50  percent.  For  simple  reactors 
without  self-saturation,  the  use  of 
feedback  permits  convenient  adjust¬ 
ment  of  sensitivity  in  the  range  be¬ 
tween  that  of  the  simple  reactor  and 
that  of  the  self -saturating  type  and 
even  beyond.  The  characteristics  of 
the  rectifiers  are  not  critical. 

The  use  of  large  amounts  of  posi¬ 
tive  feedback  results  in  a  trigger 
action  that  is  apparent  in  the  +2 
curve  of  Fig.  3B.  This  trigger  ac¬ 
tion  can  be  exploited  to  advantage, 
as  in  the  use  of  reactor  circuits  to 
give  relay  action  which  is  quite  sen¬ 
sitive  and  capable  of  high  speed, 
shock-proof  operation. 

The  performance  of  a  magnetic 
amplifier  system,  particularly  one 


of  the  self-saturating  type,  depends 
on  the  properties  of  the  components 
which  are  used.  The  possibilities  of 
the  various  circuit  arrangements 
have  been  explored  and  the  limita¬ 
tions  on  performance  are  known. 
In  the  self-saturating  circuit,  per¬ 
formance  depends  as  much  on  the 
characteristics  of  the  rectifier  as  it 
does  on  the  properties  of  the  magne¬ 
tic  core  material.  In  discussing  the 
performance  of  magnetic  amplifier 
circuits,  I  shall  mention  the  effect 
of  both  rectifier  and  core  material 
characteristics  and  I  shall  attempt 
to  do  so  upon  two  different  levels: 
(1)  what  is  now  commercially  feas¬ 
ible  with  normal  manufacturing  and 
quality-control  techniques  and  (2) 
what  seems  to  be  the  ultimate  in 
performance  of  the  best  of  present 
materials  on  a  laboratory  basis. 

The  principal  performance  char¬ 
acteristics  of  magnetic  amplifiers 
include  power  gain,  power  output, 
speed  of  response,  and  weight  per 
unit  output.  Other  factors  which 
may  be  of  interest  are  shock  resist¬ 
ance,  ambient  temperature  limits, 
stability  and  linearity. 

For  optimum  performance,  the 
magnetic  core  material  should  have 
the  following  characteristics:  (1) 
high  saturation  induction  for  low 
pounds  per  watt,  (2)  high  differen¬ 
tial  permeability  in  the  second  and 
third  quadrants  of  the  hysteresis 
loop  for  maximum  sensitivity,  (3) 
high  resistivity  and  ability  to  be 
made  in  thin  laminations  for  low 
eddy-current  shielding  to  give  fast 
response,  and  (4)  stability  of  mag¬ 
netic  characteristics  under  chang¬ 
ing  temperature  and  mechanical 
strain  and  shock  conditions. 

To  be  suitable  for  use  in  the  com¬ 
mercial  manufacture  of  reactors  for 
magnetic  amplifier  circuits,  the  core 


FIG.  2 — Action  of  prosaturation  can  bo  visuaUzod  irotn  a  roactor  boring  control 
ond  powor  windings  (A).  Dilforont  raluos  of  control  curront  produco  difforont 
intorrols  during  which  roltago  appoors  across  load  (B)  bocouso  thoy  shift  oper¬ 
ating  position  on  iho  hysterosis  curro  (C)  giving  response  shown  ot  (D) 


materi&l  should  have  other  charac¬ 
teristics  in  addition  to  those  re¬ 
quired  for  optimum  performance. 
In  the  first  place,  it  is  of.  the  utmost 
importance  that  the  magnetic  core 
material  have  properties  which  are 
reproducible  between  different 
batches  and.  are  the  same  for  all  the 
material  in  each  batch.  This  is  the 
single  most  important  requirement 
for  high-permeability  core  material 
for  magnetic  amplifiers. 

Core  Assembly 

Considerable  handling  is  involved 
in  stacking  laminations  and  in  plac¬ 
ing  a  winding  upon  the  stacked  core, 
therefore,  it  is  desirable  that  the 
core  materials  be  reasonably  free 
from  adverse  effects  resulting  from 
moderate  mechanical  stresses.  It 
does  not  seem  feasible  at  present  to 
consider  the  use  of  toroidally- 
shaped  tape  cores  for  low-level  am¬ 
plifiers  (0.1  to  10  watts  output)  and 
there  is  no  method  presently  avail¬ 
able,  to  my  knowledge  at  least,  of 
obtaining  satisfactory  stacking  fac¬ 
tors  with  unit  cores  that  are  assem¬ 
bled  before  annealing  and  are  used 
just  as  they  come  from  the  oven. 

It  is  also  necessary  that  the  lami¬ 
nations  have  adequate  interlamina¬ 
tion  resistance,  which  may  be 
developed  in  stacks  made  of  lamina¬ 
tions  with  commercially  available 
film  coatings  of  the  oxide  type.  Pres¬ 
ent  practice  consists  of  insulating 
the  laminations  before  assembly 
with  clear  lacquer  or  impregnating 
the  core  after  assembly  with  a  wax. 

The  structure  of  magnetic  ampli¬ 
fier  cores  has  been  a  matter  of  dis¬ 
cussion  for  some  time.  Perform- 
ancewise,  there  are  only  minor 
differences  between  the  core-type 
reactor  arrangement,  the  three- 
legged  reactor,  and  the  four-legged 
reactor.  For  laminated,  gapless 
cores,  the  simple  arrangement  using 
core-type  reactors  seems  moat  prac¬ 
tical.  The  limits  on  performance  of 
circuits  using  reactors  of  this  kind, 
particularly  those  made  with  high 
permeability  core  materials,  are 
fairly  well  known,  and  the  effects 
of  core  and  copper  geometry  upon 
the  various  performance  factors  are 
understood  in  a  general  way.  While 
the  question  of  core  and  copper 
geometry  for  optimum  performance 
remains  an  open  one,  rather  definite 
conclusions  may  be  eventually 
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branch  of  the  hysteresis  loop,  parti¬ 
cularly  in  the  region  of  aero  mag¬ 
netic  flux  density  and  the  coercive 
force  value  of  magnetic  intensity. 
The  slope  of  this  portion  of  the  hys¬ 
teresis  loop  is  dependent  to  a  large 
extent  upon  the  maximum  value  of 
the  normal  permeability.  Changes 
of  normal  permeability  in  the  ratio 
of  5  to  1  result  in  changes  of  mag¬ 
netic  amplifier  sensitivity  of  ap¬ 
proximately  the  same  ratio.  This 
condition  is  intolerable  from  the 
standpoint  of  large-scale  manufac¬ 
ture  of  magnetic  amplifier  systems 
with  fixed  or  published  characteris¬ 
tics.  Variations  of  this  kind  and 
magnitude  are  not  amenable  of 
compensation  by  other  than  labora¬ 
tory  methods  which  are  often  too 
costly  for  this  type  of  product. 

I  think  it  safe  to  state  that  those 
who  are  interested  in  the  manufac¬ 
ture  of  magnetic  amplifier  compo¬ 
nents  and  systems  would  be 
gratified  if  means  were  found  to 
manufacture  a  core  material  with 
characteristics  reproducible  to  plus 
or  minus  ten  or  even  twenty  per¬ 
cent,  even  if  this  were  done  at  the 
expense  of  radically  reduced  values 
of  maximum  permeability  and  in¬ 
creased  cost.  As  a  matter  of  fact,  I 
feel  that  this  would  be  a  more  valu¬ 
able  contribution  to  the  art  than 
the  development  of  core  materials 
of  even  greater  permeability  than 
those  presently  available. 

Characteristics  of  Rectifiers 

The  performance  of  the  rectifiers 
used  in  saturable  reactor  systems, 
particularly  those  employing  the 
self-saturation  feature,  affects  the 
characteristics  of  the  circuit.  The 
question  of  rectifier  performance  is 
one  which  parallels  in  importance 
that  of  the  magnetic  properties  of 
the  core  materials.  Explicit  charac¬ 
teristics  desired  of  rectifiers  for 
magnetic  amplifier  applications  are : 
(1)  sturdiness  and  (2)  low  forward 
combined  with  high  back  resistance. 

Sturdiness,  reliability  and  long 
life  are  essential  because  magnetic 
amplifier  applications  often  involve 
conditions  of  high-intensity  shock 
and  require  operation  without  re¬ 
placement  of  parts  or  servicing  for 
10,000  hours  or  more.  Because  none 
of  the  components,  except  possibly 
the  rectifier,  are  difficult  of  manu¬ 
facture  to  meet  these  requirements, 


reached  following  a  critical  study 
of  the  problem.  Early  work  along 
these  lines  indicates  the  feasibility 
of  such  a  study. 

Development  work  has  been  done 
on  the  basis  of  somewhat  more  lim¬ 
ited  objectives.  A  time  constant  of 
1  cycle  on  a  power  supply  period 
basis  for  the  transient  response  of 
practical  amplifiers  is  the  present 
limit,  while  power  gain,  which  is 
affected  by  the  desired  time  con¬ 
stant,  may  be  approximately  one  or 
two  thousand  if  quick  response  is 
not  desired.  The -watts  per  pound 
figure  may  be  taken  as  approxi¬ 
mately  thirty  for  low-level  400-cycle 
reactor  circuits.  With  rectifiers, 
mounting  brackets  and  resistors  in¬ 
cluded  in  an  amplifier  assembly,  the 
watts  per  pound  may  become  ten  or 
fifteen  for  low-level,  400-cycle  units. 
If  these  three  factors  are  the  only 
ones  of  importance,  that  is  if  cost 
and  space  are  not  involved,  it  seems 
quite  feasible  to  reach  rather  defi¬ 
nite  conclusions  concerning  opti¬ 
mum  core  geometry.  If,  on  the  other 
hand,  space  is  also  important  and 
high  gain  may  be  sacrificed,  the  rec¬ 
tifiers  would  be  of  different  design, 
as  would  the  optimum  core  shape. 

Reproducible  Core  Material 

The  importance  of  the  reproduci¬ 
bility  of  magnetic  characteristics  of 
the  core  material  for  magnetic  am¬ 
plifiers  is  shown  by  Fig.  3C.  This 
graph  shows  measured  magnetiza¬ 
tion  curves  of  several  samples  of 
high  permeability  core  materials, 
all  of  approximately  eighty-percent 
nickel.  The  solid  lines  represent  the 
catalog  information  given  by  the 
manufacturer  as  the  average  and 
extremes  of  the  normal  magnetiza¬ 
tion  curve.  The  dashed-line  curves 
show  several  measured  curves  for 
cyclic  magnetization  and  indicate 
that  the  extremes  given  by  manu¬ 
facturer  are  not  at  all  pessimistic. 
A  range  of  maximum  reversible  per¬ 
meability  of  85,000  to  25,000  it  seen 
to  exist  in  the  measured  curves, 
which  were  taken  for  representa¬ 
tive  samples.  A  range  of  maximum 
normal  permeability  of  300,000  to 
60,000,  or  5:1,  is  shown  in  the  data. 

The  sensitivity  of  a  magnetic 
amplifier  circuit  using  reactors 
made  with  Hymu  80  or  Mumetal, 
materials  similar  to  that  of  Fig.  3C, 
depends  on  the  slope  of  the  upper 
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the  irse  of  dry-disc  rectifiers  rather 
than  electronic  units  is  usually  in¬ 
dicated.  At  any  rate,  they  are  in 
common  use  in  magnetic  amplifier 
circuits. 

Low  forward  resistance  and  hijrh 
inverse  resistance  are  desirable  for  j 
obtaining^ maximum  sensitivity  con¬ 
sistent  with  the  properties  of  the 
magnetic  core  material.  -Low  for¬ 
ward  resistance  results  in  an  in¬ 
crease  of  output  for  a  given  control 
signal.  The  lower  back  current  re¬ 
sulting  from  the  use  of  high  inverse 
resistance  rectifiers  results  in  less 
demagnetization  output  for  a  given 
control  current. 

Figure  3D  shows  the  characteris¬ 
tics  of  two  small,  commercial  recti¬ 
fiers.  The  rectification  ratios  are 
seen  to  lie  between  1,000  and  2,000, 
while  the  forward-versus  back-cur¬ 
rent  ratios  are  50  and  65.  It  is 
desirable  for  magnetic  amplifier  cir¬ 
cuits  that  the  current  ratio  be  raised 
to  500  to  1,000.  Such  a  ratio  is  not 
considered  unobtainable  for  special- 
purpose  units  by  rectifier  manufac¬ 
turers.  Commercial  requirements 
in  the  field  of  dry-disc  rectifier  units 
have  been  so  unlike  those  for  the 
special  units  discussed,  that  there 
has  been  little  development  work 
aimed  at  the  special  characteristics 
required  of  rectifiers  for  reactor  cir¬ 
cuits.  No  doubt  such  improvement 
in  rectifiers  can  be  made  without  an 
overly  extended  development  pro¬ 
gram. 

Rather  large  changes  of  operat¬ 
ing  temperature  should  not  be  re¬ 
flected  in  equivalent  changes  of 
electrical  characteristics  of  the 
rectifiers,  particularly  the  inverse 
resistance,  nor  should  the  rectifier 
characteristics  change  radically 
over  the  period  of  their  useful  life. 
Rectifiers  should  have  the  maximum 
inverse  voltage  rating  consistent 
with  a  high  value  of  forward-versus 
back-current  ratio  so  that  they  are 
light  in  weight  and  give  optimum 
amplifier  sensitivity.  They  should 
not  change  when  unused  or  should 
recover  rapidly  from  nonuse  such 
as  shelf  storage  or  equipment  idle¬ 
ness.  Like  core  materials,  rectifiers 
for  magnetic  amplifiers  should  have 
reproducible  characteristics  as  com¬ 
mercially  available  units  with  pub¬ 
lished  resistance  characteristics. 
This  requirement  is  particularly 
true  of  the  low-level  units,  espe- 
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FIG.  4 — Prcsaturoted  reactors  and  magnetic  ompliiiers  hare  been  used  in  yarious 
applications,  as  these  simplied  diagrams  show:  (A)  line  Toltage  regulator.  (B)  auto¬ 
matic  battery  charger.  (C)  theater  lighting  control,  (D)  constant  potential  rectiiier.  (E) 
welding  rectiiier.  also  shown  in  block  form  (F),  (G)  serro  motor  power  amplifier, 
and  (H)  two-stage  audio  amplifier 
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daily  sensitive  types,  but  is  not  of 
great  consequence  at  higher  power 
levels,  present  published  rating  data 
being  sufficient. 

P Applications  of  Magnetic  Amplifiers 

Just  as  the  saturable  reactor  is 
a  basic  component  of  the  magnetic 
amplifier,  so  the  magnetic  amplifier 
.<  can  be  used  as  a  basic  subassembly 
in  various  equipments.  The  charac¬ 
teristics  of  the  amplifier  will  be  de¬ 
termined  by  the  equipment  with 
which  it  is  to  be  used,  and  the  am¬ 
plifier  will  have  to  be  designed  ac¬ 
cordingly. 

One  of  the  commonest  applica¬ 
tions  of  saturable  reactors  is  for 
line  voltage  regulation  in  which  the 
self-adjusting  property  of  the  reac¬ 
tor  is  used  in  place  of  a  manually 


from  the  same  power  line,  effects 
of  fluctuations  in  supply  voltage  can 
be  counter-acted  to  some  extent. 
The  line  voltage  has  to  be  about  10 
percent  higher  than  the  rated  oper¬ 
ating  voltage  of  the  lamp  bank  to 
allow  for  the  drop  in  the  main  re¬ 
actor. 

The  functions  of  voltage  regula¬ 
tion  and  rectification  can  be  com¬ 
bined  in  a  single  unit.  A  3-phase 
unit,  suitable  for  such  applications 
as  controlling  the  speed  of  a  large 
d-c  motor,  (Fig.  4D),  obtains  the 
fixed  reference  voltage  through  a 
constant  voltage  transformer  across 
one  of  the  power  phases.  This  volt¬ 
age  is  rectified  and  the  current  so 
obtained  is  used  to  control  three 
full-wave  magnetic  amplifier  oper¬ 
ating  from  a  3-phase  transformer 


adjusted  tap  on  a  transformer  to  and  interphase  transformer  (com- 
compensate  for  input  voltage  or  load  pare  with  the  single-phase  circuit 
current  changes.  The  next  step  in  of  Fig.  IE).  To  increase  the  sen- 
complexity  beyond  a  single  satur-  sitivity  of  the  system,  positive  feed- 
able  reactor  is  to  substitute  a  sepa-  back  is  used,  and  to  improve  tran- 
j  rately  controlled  reactor  (Fig.  4A).  sient  response,  damping  windings 
I  Line-to-line  voltage  regulation  is  in  series  with  a  capacitance  are 
I  obtained  by  an  autotransformer  a  added.  The  output  voltage  (motor 
portion  of  which  is  a  presaturated  speed)  can  be  controlled  by  the  po- 
reactor  controlled  by  a  magnetic  am-  tentiometer  in  the  constant-voltage 
plifier  operating  from  voltage  circuit. 

changes  across  the  output.  A  Some  applications  require  that 
bleeder  reactor  prevents  the  regu-  the  output  be  stabilized  against 
lator  from  losing  control  at  no  load,  several  possible  variations.  The  bat- 
Automatic  battery  chargers  have  tery  charger  (Fig.  4B)  is  one  ex- 
long  used  magnetic  amplifiers,  es-  ample  of  this  case.  The  welding  rec- 
pecially  in  Europe.  In  this  applica-  tifier  (Fig.  4E)  is  another  example, 
tion  the  requirement  is  to  maintain  The  output  current  must  be  stabil- 
constant  charging  voltage  and  to  ized  against  changes  in  output  load 
limit  the  current  (at  the  beginning  (current  and  voltage)  and  line  volt- 
of  the  charging  cycle)  to  a  safe  age.  The  3-phase  doubler  circuit 
value.  A  doubler  circuit  (Fig.  ID)  has  three  control  windings.  One 
and  a  full-wave  rectifier  can  be  com-  winding  is  excited  by  rectified  3- 
bined  to  perform  this  function  (Fig.  phase  voltage  from  the  supply  line, 
4B).  Variations  in  output  voltage  the  second  is  excited  by  current  pro- 
and  input  current  (coupled  to  the  portional  to  the  load  current,  and 
magnetic  amplifier  through  a  trans-  the  third  by  current  proportional  to 
former)  operate  the  control  wind-  the  load  voltage.  All  of  these  con¬ 
ing.  trol  currents  pass  through  a  com- 

Another  popular  application  is  in  mon  potentiometer  by  which  the 
theatre  lighting  control  (Fig.  4C).  welding  current  can  be  set.  A  po- 
A  low-power  control  circuit,  excited  tentiometer  across  the  output  fur- 
from  the  power  line,  produces  the  ther  provides  adjustment  of  the 
direct  current  to  govern  a  magnetic  voltage-proportional  control  current 
amplifier  of  the  full-wave  type  for  no-load  reference.  Four  sets  of 
(Fig.  IE),  which  is  also  excited  rectifiers  are  required:  the  self-ex- 
from  the  power  line.  The  output  of  citation  rectifiers  of  the  doublers, 
the  amplifier  in  turn  regulates  the  the  power  rectifiers  in  the  output, 
saturation  of  the  main  reactor  in  and  the  two  sets  of  rectifiers  (for 
series  with  the  lamp.  bank.  Because  input  voltage  and  output  current) 
the  primary  control  circuit  and  the  for  the  control  windings.  A  single 
magnetic  amplifier  are  both  excited  rectifier  suffices  for  the  output  volt- 
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age  control  circuit  because  it  is  al¬ 
ready  across  the*  power  rectifiers 
(but  a  rectifier  is  necessary  to  pro¬ 
vide  high  impedance  to  induced  re¬ 
verse  currents).  A  block  diagram 
(Fig.  4F)  shows  the  nature  of  the 
feedback  paths  of  this  system. 

The  foregoing  systems  have  oper¬ 
ated  at  60  cps.  Fast  response  is  not 
required  of  them  and  it  is  most 
convenient  to  excite  all  elements  of 
the  system  from  the  same  supply. 
How’ever,  if  fast  response  is  neces¬ 
sary,  a  higher  operating  frequency 
should  be  used  because  then,  for  the 
sam^  impedance,  the  inductances  of 
the  windings  can  be  less,  which  re¬ 
duces  the  time  constant  of  the  sys¬ 
tem.  In  general,  equivalent  mag¬ 
netic  amplifiers  operating  at  differ¬ 
ent  frequencies  can  respond  in  the 
same  number  of  cycles,  thus  the 
higher  frequency  unit  has  the 
faster  response. 

A  fast-acting  servo  amplifier  can 
be  operated  from  a  400-cps.  source 
(Fig.  4G).  A  2-phase  system  is  fre¬ 
quently  used  with  a  2-phase  induc¬ 
tion  motor,  although  a  3-phase  sys¬ 
tem  would  be  similar.  Doublers  in 
push-pull  with  each  other  produce 
a  null  so  that  the  system  has  a  qui¬ 
escent  point  between  forward  and 
reverse  motor  drive.  The  control 
windings  are  excited  by  electronic 
tubes ;  the  rheostats  in  the  cathodes 
permit  balancing  the  amplifier  at 
the  required  null,  or  varying  the 
null.  Primary  control  of  the  ampli¬ 
fier  is,  as  usual,  through  the  grids 
of  the  tubes. 

An  audio  amplifier  (Fig.  4H)  il¬ 
lustrates  the  use  of  high-frequency 
excitation  to  obtain  fast  response. 
Essentially  each  of  the  two  stages 
is  a  carrier-type  amplifier.  Two 
pairs  of  doublers,  connected  in  push- 
pull  to  reduce  even  harmonic  distor¬ 
tion  as  well  as  to  provide  symmet¬ 
rical  operation,  are  excited  from  a 
10,800-cps  source  (180th  harmonic 
of  60  cps).  These  two  stages  are 
connected  by  an  interstage  trans¬ 
former.  Pairs  of  full-wave  rectifiers 
are  used  before  the  interstage  and 
output  transformers.  A  single-but¬ 
ton  carbon  microphone  feeds  the  5- 
milliwatt  input  transformer  to  de¬ 
velop  full  power  in  the  5-ohm  6.5- 
watt  voice  coil  of  the  loudspeaker. 
The  operating  points  of  the  reac¬ 
tors  of  each  stage  are  set  by  a  bias 
.battery  and  biasing  resistors. 
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Television  Synchronizing 


Horizontal  and  vertical  driving  pulses,  the  composite  blanking  signal  and  the  composite 
synchronizing  signal,  all  within  FCC  and  RMA  specifications,  are  produced.  Linearity 
test  signals  can  be  mixed  with  blanking  for  testing  picture  monitors  and  receivers; 
simultaneous  cathode-ray  monitoring  of  all  frequencies  is  provided 


The  instrument  to  be  described 
provides  the  means  for  insur¬ 
ing  synchronism  between  the  scan¬ 
ning  of  a  picture  at  the  receiver 
and  the  scanning  of  a  subject  at 
the  transmitter.  Features  are  pro¬ 
vided  that  are  not  usually  found  in 
a  synchronizing  generator  which 
are  specific  aids  in  television  station 
operation  and  maintenance. 

The  generator  meets  the  RMA 
recommendations  for  the  standard 
signal,  that  is,  the  horizontal  and 
vertical  driving  pulses,  the  com¬ 
posite  blanking  signal  and  the  com¬ 
posite  synchronizing  signal. 

Linearity  test  signals  are  pro¬ 
vided  at  900  cycles  and  at  157.5  kc 
mixed  with  blanking  by  means  of  a 
switch  for  use  in  testing  scanning 


linearity  of  picture  monitors  and 
television  receivers.  These  produce 
15  horizontal  bars  and  10  vertical 
bars  on  a  raster  permitting  a  rapid 
check  of  sweep  linearity.  In  addi¬ 
tion,  the  157.5-kc  test  signal  serves 
as  an  accurate  10  percent  H  (6.35 
(isec),  electronic  marker  for  use 
with  an  ordinary  oscillograph  in  the 
precise  setting  of  pulse  widths  and 
front  porch. 

The  leading  edges  of  the  equaliz¬ 
ing  pulses  are  also  the  leading  edges 
of  horizontal  and  vertical  synchron¬ 
izing  pulses,  thus  insuring  perfect 
interlacing. 

Two  3-inch  cathode-ray  tubes 
permit  simultaneous  monitoring 
(without  switching)  of  all  fre¬ 
quencies  in  the  synchronizing  gen¬ 


erator.  Thus,  frequency  counts  may 
be  checked  or  adjusted  without  the 
use  of  an  external  oscilloscope. 

A  crystal  oscillator  at  157.5  kc  or 
a  highly  stable  self-excited  oscil¬ 
lator  at  157.5  kc  may  be  selected  by 
a  switch  for  the  master  oscillator. 
The  self-excited  oscillator  is  used  in 
synchronizing  the  generator,  by 
means  of  the  provided  lock-in  cir¬ 
cuit  to  the  60-cyde  power  line  or  to 
a  remotely  generated  ssrnchronizing 
signal. 

Negative  feedback  is  used  in 
many  of  the  circuits  to  minimize 
the  effect  of  changes  in  tube  char¬ 
acteristics  and  variations  between 
tubes.  A  double-regulated  supply  is 
used  having  an  internal  impedance 
of  less  than  0.15  ohm. 

Circuit  Breakdown 

The  generator  consists  of  the  fol¬ 
lowing  units: 

1.  Timing  generator 

2.  Blanking-driving  unit 

3.  Sync  shaping  unit 

4.  Regulated  low-voltage  supply 

5.  High  voltage  supply  for  the 
cathode-ray  monitors 

6.  Power  control  panel  containing 
switches  and  fuses. 

Figure  1  is  a  block  diagram  show¬ 
ing  the  interrelation  of  the  units  in 
the  development  of  the  standard 
signals.  Accurately  timed  signals  at 
157.5  kc,  31,500  cycles,  15,750  cycles, 
900  cycles  and  60  cycles  are  de¬ 
veloped  in  the  timing  generator  for 
use  in  the  other  units. 

The  blanking  unit  utilizes  the  60- 
cycle  signal  and  the  15,750-cycle 
signal  in  the  development  of  verti- 
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cal  driving  and  horizontal  driving 
pulses  and  in  the  development  of  the 
composite  blanking  signal.  It  also 
uses  the  157.5-kc  signal  and  the  900- 
cycle  pulses  in  the  development  of 
the  composite  linearity  test  signal 
which  becomes  available  mixed  with 
blanking. 

The  sync  shaping  unit  utilizes  the 
31,500-cycle  pulses  and  the  15,750- 
cycle  pulses  with  suitable  delays 
(for  accurate  synthesis  of  the  hori¬ 
zontal  and  vertical  sync  pulses)  in 
a  specially  designed  delay  line  con¬ 
tained  in  the  blanking-driving  unit 
for  the  formation  of  the  high-fre¬ 
quency  components  of  the  composite 
synchronizing  signal.  The  60-cycle 
pulse  from  the  timing  generator  is 
used  undelayed  in  the  development 
of  the  low-frequency  component  of 
the  composite  synchronizing  signal. 

To  meet  the  severe  requirements 
of  the  RMA-recommended  syn¬ 
chronizing  signal  generator  signals, 
there  must  be  precise  time  relation¬ 
ship  among  the  pulses  developed  by 
the  timing  generator.  This  may  be 
obtained  by  starting  at  a  high  fre¬ 
quency  and  by  suitable  frequency 
division  deriving  the  lower  fre¬ 
quency  pulses.  An  alternate  method 
is  to  begin  with  the  lowest  fre¬ 
quency  and  obtain  the  higher 
frequency  signals  by  suitable  fre¬ 
quency  multiplication.  In  the  tim¬ 
ing  generator  shown  in  Fig.  2,  the 
former  method  is  used  because  it 
may  be  effected  by  simpler  circuits. 

In  the  circuit  diagram  of  Fig.  2, 
the  two  basic  oscillators  are  the 
6AC7  crystal  oscillator  and  the  7F8 
master  oscillator,  both  operating  at 


157.5  kc.  The  6SN7  blocking  oscil¬ 
lator  frequency  dividers  are  used  to 
derive  the  lower  frequencies  re¬ 
quired.  The  first  division  is  by  5 
to  31.5  kc,  the  equalizing  pulse  fre¬ 
quency.  From  31.5  kc  there  is  one 
division  by  two  to  15,750  cycles,  the 
horizontal  rate,  and  another  divi¬ 
sion  by  seven  to  4,500  cycles.  The 
frequency  of  4,500  cycles  is  divided 
by  five  to  900  cycles,  one  of  the 
linearity  test  signal  frequencies. 

Division  of  900  cycles  is  done  by 
five  to  180  cycles  which  is  in  turn 
divided  by  three  to  60  cycles,  the 
field  repetition  rate.  Sawtooth  wave 
forms  at  60  cycles  and  at  900  cycles 
are  fed  respectively  to  the  deflecting 
plates  of  the  low-frequency  and  the 
high-frequency  cathode-ray  moni¬ 
tors,  to  serve  as  time  bases  for  the 
presentation  of  the  count-down  fre¬ 
quencies  on  the  monitor  screens. 

Frequency  Indicators 

Figure  3  shows  the  presentation 
on  the  screens  of  the  cathode-ray 
tubes.  The  left-hand  screen  is  that 
of  the  high-frequency  monitor 
whose  horizontal  time  base  is  900 
cycles.  The  dots  represent  the 
master  oscillator  or  crystal  oscil¬ 
lator  frequency  157.5  kc.  There  are 
five  dots  along  each  line  or  step  in 
the  ^vertical  “ladder”  indicating  a 
division  from  157.5  kc  to  31,500 
cycles. 

The  bright  dots  on  the  high-fre¬ 
quency  monitor  correspond  to  the 
15,750-cycle  horizontal  repetition 
rate.  There  are  seven  steps  in  each 
of  the  ladders,  indicating  a  fre¬ 
quency  division  from  31,500  cycles 


Complat*  STTichronizixig  signal  ganerator 


to  4,500  cycles ;  in  other  words  each 
ladder  represents  4,500  cycles.  The 
presence  of  five  ladders  for  each 
cycle  of  the  time  base  points  to  a 
frequency  division  from  4,500  cycles 
to  the  time  base  frequency  of  900 
cycles. 

On  the  right-hand  or  low-fre¬ 
quency  monitor,  the  ladder  steps 
represent  900  cycles.  Since  there 
are  five  of  them  to  each  ladder,  the 
indication  is  frequency  division 
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FIG.  2 — Timing  generator  circuits  of  the  Du  Mont  TA107  A/B  sync  generator 


with  respect  to  keeping  high  level 
pulse  points  away  from  the  afc  cir¬ 
cuit.  The  blocking  oscillator  grids 
are  returned  to  -1-250  volts  giving 
a  steep  capacitor  voltage  discharge 
waveform  and  consequently  improv¬ 
ing  freedom  from  jitter. 

The  source  of  B  voltage  is  a 
double-regulated  power  supply  with 
an  output  impedance  of  less  than 
0.15  ohm.  This  eliminates  the  pos¬ 
sibility  of  extraneous  signals  modu- 


from  900  cycles  to  180  cycles.  The 
three  ladders  per  cycle  of  the  time 
base  indicate  a  frequency  division 
from  180  cycles  to  60  cycles. 

The  blanked  out  section  in  the 
middle  of  the  low-frequency  scan 
being  derived  from  the  power  line 
further  confirms  the  time  base  of  60 
cycles  and  indicates  synchronism 
with  the  line.  When  the  generator 
is  not  locked  to  the  60-cycle  power 
line,  the  blanked  out  section  moves 
across  the  time  base.  This  presen¬ 
tation  has  been  found  highly  useful 
in  the  analysis  at  a  glance  of  syn¬ 
chronizing  generator  failures  due 
to  improper  timing. 

The  type  of  blocking  oscillator 
frequency  divider  circuit  used  is  the 
cathode  -  tuned  -  circuit  -  stabilized 
type,  Fig.  4.  Firing  of  the  blocking 
oscillator  results  in  a  surge  of  cur¬ 
rent  through  the  cathode  circuit 
which  is  normally  tuned  to  a  fre¬ 
quency  half  that  of  the  trigger  repe¬ 
tition  rate.  This  results  in  a  ring¬ 
ing  of  the  tuned  circuit  due  to  its  Q. 
The  cathode  voltage  wave  form  is 
that  of  a  damped  sine  wave  lasting 
for  2i  cycles  (for  a  5  to  1  count 
down)  before  the  blocking  oscillator 
fires  again.  The  grid  to  ground  and 


the  grid  to  cathode  voltage  wave¬ 
forms  are  shown  in  the  diagram  of 
Fig.  4.  As  indicated,  discrimina¬ 
tion  is  very  good  against  all  trigger 
pulses  other  than  the  one  producing 
proper  count  down. 

In  the  design  of  the  timing  cir¬ 
cuits,  extreme  care  was  taken  to 
minimize  any  possibility  of  fre¬ 
quency  modulation  of  the  timing 
pulses.  Considerable  attention  was 
paid  to  the  chassis  layout  especially 


FIG.  3 — Presentation  of  count-down  frequencies  on  cathode-ray  monitors 


October.  I94«  — ELECTRONICS 


^OjOOI 

910,000 

,4T29KcJ 

330;«^F  j 

2.290CP^  LI 

f 


*5 


lating  the  blocking  oscillator  grid 
base,  a  common  source  of  frequency 
modulation. 

The  157.5-kc  and  900-cycle  out¬ 
puts  of  the  timing  generator  are  fed 
directly  to  the  blanking  unit  for  use 
in  the  production  of  a  linearity 
test  signal  mixed  with  blanking. 
The  60-cycle  pulse  output  of  the  tim¬ 
ing  generator  is  routed  to  the  blank¬ 
ing-driving  unit  and  the  sync  shap¬ 
ing  unit  for  use  in  the  generation 
of  RMA  driving  pulses,  and  the  low- 
frequency  components  of  RMA 
blanking  and  sync  pulses. 


To  conform  to  the  strict  require¬ 
ments  of  the  RMA  recommended 
.synchronizing  signal,  it  is  good  de¬ 
sign  practice  to  use  the  same  signal 
for  the  formation  of  the  leading 
edges  of  all  of  the  pulses  which 
make  up  the  synchronizing  signal. 
In  the  synchronizing  signal  genera¬ 
tor  under  discussion,  the  leading 
edges  of  the  equalizing  pulses  are 
used  to  form  the  leading  edges  of 
the  horizontal  and  the  vertical  syn¬ 
chronizing  pulses.  This  is  done  by 
adding  a  horizontal  component  and 
a  vertical  component,  both  of  which 


have  been  delayed  a  precise  time  by 
a  lumped  LC  delay  line  in  the  blank¬ 
ing  unit,  to  the  equalizing  pulses 
and  clipping  the  result  as  indicated 
in  Fig.  6. 

Two  separate  delay  lines  are  used, 
one  for  the  31,500-cycle  signal  and 
the  other  for  the  i5,750-cycle 
signal.  Each  line  consists  of  70 
1C  sections  with  a  total  delay  of  10 
percent  of  the  horizontal  period 
or  approximately  6.3  microseconds. 
Provisions  are  made  for  tapping 
connections  in  any  one  of  the  sec¬ 
tions  in  both  lines.  This  permits 
very  accurate  shaping  of  the  sync 
pulses  as  well  as  very  precise  set¬ 
ting  of  the  front  porch.  Multivi¬ 
brator  stability  is  in  part  a  function 
of  the  trigger  pulse  rise  time.  To 
maintain  as  short  a  rise  time  as 
practical  in  the  delayed  15,750  and 
31,500-cycle  trigger  pulses,  the  de¬ 
lay  line  is  designed  for  a  frequency 
band  of  over  three  megacycles.  Fig¬ 
ure  6  shows  the  schematic  of  a 
single  section  of  the  delay  line. 

Equalizing  Pulses 

The  equalizing  pulses  shown  as 
G  in  Fig.  5  are  generated  directly 
by  multivibrator  V„  in  the  sync 
shaping  unit,  block  diagram  of 
Fig.  5.  They  are  amplified  and 
limited  by  Vu  and  mixed  with  the 


FIG.  4 — Cathode-stabilised  blocking  oscillator  frequency  dieider 
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other  synchronizing  signal  com¬ 
ponents  in  the  plate  circuits  of  Vj, 
V,  and  y,. 


Horizontal  Pulsot 

Figure  5  is  a  timing  diagram  in¬ 
dicating  the  synthesis  of  the  com¬ 
posite  sjmchronizing  signal  from  its 
various  components.  The  horizontal 
pulses  are  formed  by  adding  de¬ 
layed  15.750-cycle  pulses  to  the 
equalizing  pulses,  amplifying,  limit¬ 
ing  and  keying-out  undesired  31,- 
500-cycle  pulses.  The  result  before 
final  clipping  is  shown  at  U  of 
Fig.  5. 

Tube  Vi  in  Fig.  5  is  the  hori¬ 
zontal  pulse  multivibrator  whose 
output  (O  in  Fig.  5)  is  permitted  to 
clear  through  V*  only  during  the 
horizontal  pulse  interval. 

The  15,760  cycle  pulses  (Q  in  Fig. 
5)  are  then  amplified  and  limited  in 
Vt  and  mixed  in  the  common  plate 
circuit  of  Vj,  and  V»  with  the  verti¬ 
cal  and  equalizing  pulse  components 
of  the  composite  synchronizing 
signal. 

The  first  and  last  sections  of  U 
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FIG.  6 — Single  pi  section  of  delay  line 


in  Fig.  5  show  the  horizontal  com¬ 
ponent  of  the  mixed  signal  at  V,. 
The  raised  portion  of  this  compo¬ 
nent  indicates  the  overlap  between 
the  equalizing  pulse  and  the  delayed 
horizontal  pulse.  This  is  later 
clipped  off  in  limiters  F,  and  Vu,  as 
shown  in  the  first  and  last  sections 
of  V  in  Fig.  5. 

The  keying  out  of  the  horizontal 
pulses  during  the  equalizing  pulse 
interval,  is  accomplished  by  the 
gating  of  keyer  tube  F,  by  pulse  P 
in  Fig.  5  derived  from  the  equaliz¬ 
ing  pulse  interval  multivibrator  Vt 
through  amplifier  Vr.  The  elimina¬ 
tion  of  unwanted  equalizing  pulses 
is  ‘obtained  by  first  pushing  them 
down  into  a  region  lower  than  that 
of  the  desired  horizontal  pulses  by 
means  of  15,750-cycle  pulses  shown 
as  T  in  Fig.  5  and  later  removing 
them  by  clipping.  Waveform  T  is 
derived  from  the  alternate  equaliz¬ 
ing  pulse  keying  multivibrator  V, 
through  keying  tube  Vi  and  ampli¬ 
fier-limiter  y*.  The  pushed  down 
equalizing  pulse  is  shown  in  the 
first  and  last  sections  of  U  in  Fig.  5. 

The  elimination  of  alternate  equal¬ 
izing  pulses  must  not  take  place 
during  the  equalizing  pulse  interval. 
For  this  reason  keying  tube  F,  by 
means  of  the  equalizing  interval 
pulse  P  permits  the  alternate  equal¬ 
izing  pulse  keying  signal  S  to  be 
applied  only  during  the  horizontal 
pulse  interval.  The  output  of  Vi 
is  T  in  Fig.  5.  The  duration  of  the 


horizontal  pulses  in  the  output 
signal  y  is  8  percent  of  H  (-^-o 
—  1  percent). 


Vertical  Pulses 

The  vertical  pulses  in  the  com¬ 
posite  synchronizing  signal  con¬ 
sists  of  Sv  group  of  six  at  a  31,500- 
cycle  rate.  The  group  repeats  itself 
once  each  scanning  field,  see  center 
section  of  V  in  Fig.  5.  The  dura¬ 
tion  of  each  pulse  is  43  percent  of 
H  where  H  is  the  line  period  and 
the  group  must  appear  during  the 
vertical  blanking  interval  between 
the  first  and  second  group  of  six 
equalizing  pulses. 

The  timing  of  the  vertical  pulse 
interval  is  determined  by  the  trail¬ 
ing  edge  of  a  pulse,  J  in  Fig.  5, 
three  lines  wide  from  the  60-cycle 
vertical  pulse  centering  multivibra¬ 
tor  V^.  The  vertical  pulses  are  gen¬ 
erated  at  a  31,500-cycle  rate  in  the 
vertical  pulse  multivibrator  V,,. 
These  are  shown  at  I  in  Fig.  5.  One 
of  its  pulses,  upon  coincidence  with 
the  trailing  edge  of  the  vertical 
centering  pulse  K,  is  permitted  by 
keyer  tube  F,,  to  trigger  the  verti¬ 
cal  pulse  interval  60-cycle  multivi¬ 
brator  y,4  who.se  pulse  width  is 
normally  set  equal  to  three  hori¬ 
zontal  lines  or  the  interval  required 
by  six  vertical  puKses  at  the  31,500- 
cycle  rate. 

Waveform  L  in  Fig.  5  is  the  out¬ 
put  of  Fu.  The  vertical  pulse  inter¬ 
val  gate,  in  turn,  permits  the  verti¬ 
cal  pulses  to  be  amplified  by  keyer 
tube  F„,  only  during  the  vertical 
pulse  interval.  The  result  is  M  in 
Fig.  5.  In  turn,  the  six  vertical 
pulses  during  the  vertical  pulse  in¬ 
terval  are  amplified  and  limited  by 
tube  F,  and  appear  in  the  common 
plate  circuit  of  F3,  Fs  and  Fu,.  Thus, 
into  a  common  plate  load  are  fed 
the  horizontal  pulses  during  the 
horizontal  pulse  interval  from  tube 
Fa,  the  equalizing  pulses  during  the 
equalizing  pulse  interval  from  tube 
F,h  and  the  six  vertical  pulses  dur¬ 
ing  the  vertical  pulse  interval  from 
tube  Fs.  The  mixed  signal,  U,  is  am¬ 
plified  and  limited  by  F^  and  F,o  and 
appears  at  the  cathode  and  plate  of 
output  tube  F,i  as  a  positive  and 
negative  composite  synchronizing 
signal.  Figure  5  shows  the  final 
.sync  output  signal  at  F. 

The  block  diagram  of  the  blank¬ 
ing-driving  unit  is  shown  in  Fig.  7. 
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"  The  15,750-cycle  pulses  trigger  the 
horizontal  blanking  multivibrator 
V»  whose  output  is  fed  into  blank¬ 
ing  mixer  V,.  The  60-cycle  pulses 
trigger  the  vertical  blanking  multi¬ 
vibrator  V,  whose  output  is  fed  to 
the  grid  of  the  second  triode  of 
blanking  mixer  F«.  In  the  blanking 
position  of  the  linearity  test  switch, 
the  mixed  vertical  and  horizontal 
blanking  signals  are  limited  and 
amplified  in  tube  and  applied  to 
the  grid  of  blanking  output  tube 
At  the  cathode  and  plate  of  out¬ 
put  tube  F„  appear  respectively  the 
positive  and  negative  composite 
blanking  signals. 

The  157.5-kc  signal  derived  from 
the  timing  generator  is  amplified 
and  shaped  in  F,  and  mixed  in  F„ 
with  the  900-cycle  pulse  derived 
from  multivibrator  F^,  In  the 
blanking  and  linearity  bars  posi- 
■  tion  of  the  linearity  test  switch, 

'  these  are  inserted  into  the  blank¬ 
ing  signal  in  the  common  plate  load 
of  blanking  mixer  F„  and  linearity 
mixer  F„.  The  mixed  blanking  and 
]  linearity  test  pulses  are  clipped  in 
^  limiter  F,a  and  applied  to  the  grid 
i  of  output  tube  V,.  In  this  position 
I  of  the  switch  the  output  signals  at 
[  I  Ju  and  y.,  consist  of  the  composite 
I  t  blanking  signal  mixed  with  vertical 
and  horizontal  linearity  signals.  In 
I  the  lineality  ham  position  of  the  se- 
I  lector  switch  only  linearity  test 
signals  are  permitted  to  appear  at 


the  blanking  signal  output  jacks. 
Figure  8  shows  a  test  pattern  gen¬ 
erated  by  an  iconoscope  film  chain 
driven  by  the  sync  generator.  The 
linearity  test  switch  is  in  the  blank¬ 
ing  and  linearity  bars  position. 

The  horizontal  driving  pulses 
originate  in  the  15,750-cycle  multi¬ 
vibrator  F,  and  are  directly  applied 
to  the  grid  of  the  horizontal  drive 
output  tube  Vi.  They  appear  as 
positive  and  negative  horizontal 
driving  signals  respectively  at  7, 
and  Jt.  In  a  similar  manner  the  ver¬ 
tical  driving  pulses  originate  in  the 
60-cycle  multivibrator  F,;  the  out¬ 
put  is  applied  directly  to  the  grid 
of  vertical  output  tube  F,.  Vertical 


driving  pulses  appear  in  positive 
and  negative  polarity  at  jacks 
and  Jyt.  At  y  and  Z  of  Fig.  5  are 
shown  the  waveforms  of  the  hori¬ 
zontal  and  vertical  driving  pulses 
produced  by  the  circuits. 

Power  Supplies 

The  high-voltage  supply  is  used 
to  provide  the  accelerating  potential 
for  the  cathode-ray  tube  monitors  in 
the  timing  generator. 

A  double-regulated  low-voltage 
supply  is  used  to  provide  250  volts 
and  350  volts  for  the  three  signal 
units.  This  supply  has  an  output  im¬ 
pedance  of  less  than  0.15  ohm  at 
1,000  cycles.  The  change  from  no 
load  to  full  load  at  400  milliamperes 
results  in  a  change  of  only  0.1  volt 
at  the  output.  A  block  diagram  of 
the  low'-voltage  supply  is  shown  in 
Fig.  9.  Transients  from  the  ordinary 
power  supply  filter  circuit  are  elimi¬ 
nated  by  use  of  an  “electronic 
choke”  in  the  form  of  a  first  regu¬ 
lator  for  the  350  volts  ahead  of  the 
final  regulator  for  the  250  volts. 

A  number  of  these  synchronizing 
generators  have  been  in  operation 
during  the  past  two  years  with  ex¬ 
cellent  results. 
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Single-Sideband 
CRYSTAL  FILTERS 

X-cut  crystals  are  used  in  multiple-section  filters  for  the  upper  and  lower  sidebands  and  the 
carrier  frequency.  The  carrier  filter  has  a  passband  16  cycles  wide  between  3-db  points  and 
•  the  sideband  filters  are  flat  within  0.6  db  for  nearly  6  kilocycles 


ONE  PROBLEM  involved  in  the  de¬ 
velopment  of  an  improved  type 
of  radio  receiver  for  twin-channel, 
single-sideband  reception  was  the 
design  and  construction  of  three 
crystal  filters. 

These  were  used  to  separate  the 
carrier  from  the  sidebands  of  an 
amplitude-modulated  wave  train  at 
an  intermediate  frequency  of  100 
kc  and  to  isolate  each  of  the  two 
sidebands. 

Specifications  called  for  a  car¬ 
rier  filter  less  than  25  cycles  wide 
at  points  whose  response  was  3  db 
down  from  maximum,  and  175  cy¬ 
cles  wide  at  points  50  db  down,  with 
a  maximum  attenuation  of  over  70 
db  available. 

Since  both  speech  and  musical 
programs  were  to  be  received  with 
high  fidelity,  each  sideband  (chan¬ 
nel)  filter  was  specified  to  have  a 
passband  6  kc  wide,  flat  within 
±0.5  db  except  at  the  edges  where  a 
2-db  drop  from  maximum  response 
could  be  tolerated.  These  edges 
were  taken  to  be  100  cycles  and  6  kc 
respectively  from  the  intermediate 
carrier  frequency  of  100  kc. 

A  maximum  relative  attenuation 
of  at  least  85  db  was  desired  at  all 
frequencies  separated  by  more  than 
4  kc  from  the  passband  midfre¬ 
quency.  This  would  provide  for  a 
40-db  attenuation  of  adjacent-chan¬ 
nel  signals  of  equal  strength  in  ad¬ 
dition  to  a  possible  unfavorable  se¬ 
lective  fading  differential  of  45  db 
between  the  two  channels. 

A  piezoelectric  crystal  such  as 
quartz  acts  electrically^  like  the  LC 
circuit  shown  in  Fig.  1.  For  a  range 
near  the  resonant  and  antiresonant 
frequencies  of  this  electrically 
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equivalent  circuit,  the  crystal  pre¬ 
sents  a  reactance  whose  variation 
is  shown  by  the  full-line  graph  of 
Fig.  4.  Suppose  that  two  crystals 
are  so  cut  that  the  resonant  fre¬ 
quency  of  one  coincides  with  the 
antiresonant  frequency  of  the  other. 
The  reactances  of  both  crystals  are 
then  as  depicted  by  the  full-line 
and  dashed-line  graphs  of  Fig.  4. 

Theory 

If  these  crystals  be  connected  in 
a  bridge  circuit  similar  to  Fig.  6, 
or  its  equivalent  lattice.  Fig.  2,  we 
have  the  structure  of  a  simple  nar¬ 
row  bandpass  filter.  The  dashed- 
lines  in  Fig.  2  indicate  lattice  arms 
of  the  same  type  as  those  actually 
shown.  In  Fig.  6,  the  dashed-lines 
indicate  that  XX  are  the  two  halves 
of  a  single  crystal  having  divided 
plating.  Likewise  for  YY. 

The  bridge  circuit  of  Fig.  6  is 
that  of  a  pure  reactance  bridge. 
This  will  be  perfectly  balanced 
when  the  reactance  between  points 
1  and  2  of  the  circuit  is  equal  to 
that  between  1  and  4  and  of  the 
same  sign.  The  same  is  true  for  the 
reactance  between  2  and  3  and  that 
between  3  and  4.  There  are  two 
frequencies  at  which  this  will  oc¬ 
cur.  On  Fig.  4,  these  are  desig¬ 
nated  fooj,  and  f  oo„  for  the  attenu¬ 
ation  (theoretically)  reaches  an 
infinite  value  at  these  frequencies. 
Actually,  the  attenuation  will 


merely  rise  to  a  maximum  value, 
called  an  attenuation  peak,  at  each 
of  the  two  frequencies  of  balance 
as  shown  in  Fig.  5.  As  the  fre¬ 
quency  of  an  input  signal  is  in¬ 
creased  from  /oo„  toward  /i,  the 
attenuation  will  continuously  de¬ 
crease  until  it  (theoretically) 
reaches  zero  at  A,  the  series-res¬ 
onant  frequency  of  one  of  the  pairs 
of  crystals. 

For  frequencies  between  fji  and 
fa  the  reactances  of  the  two  pairs 
of  bridge  arms  are  at  each  point  of 
opposite  sign.  Hence,  signals  whose 
frequencies  lie  within  this  range 
will  pass  through  the  filter  (theo¬ 
retically)  with  no  attenuation.  Ac¬ 
tually  some  attenuation  is  experi¬ 
enced  in  this  range,  the  amount 
depending  on  the  Q  factor  of  the 
crystals  and  associated  circuit  ele¬ 
ments.  For  this  reason,  character¬ 
istics  of  the  filters  developed  in  this 
work  are  shown  as  relative  attenu¬ 
ation  versus  frequency  rather  than 
actual  attenuation.  The  region  be¬ 
tween  fa  and  /*,  as  shown  in  Fig.  5, 
is  the  passband  of  the  filter. 

In  practice,  capacitors  Ca  are 
placed  in  parallel  with  input  and 
output  terminals  of  the  filter. 
Others,  Ca,  of  much  smaller  capaci¬ 
tance,  are  connected  from  input  to 
output  as  bridging  capacitors. 

The  parallel  capacitors  adjust  the 
separation  between  resonant  and 
antiresonant  frequencies  of  the 
bridge  arms  and  hence  control  the 
width  of  the  passband.  The  bridg¬ 
ing  capacitors  change  the  shapes  of 
the  reactance  graphs  of  the  bridge 
arms  somewhat,  thereby  changing 
the  frequencies  at  which  the  two 
reactance  curves  cross  where  of  like 
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FI6.I -CRYSTAL  EQUIVALENT 


FIG.4-REACTANCE  CURVES 
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FIG.5- FILTER  ATTENUATION 
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FI6.2-LATTICE  STRUCTURE 


FIG.6- BRIDGE  EQUIVALENT 


FIG  9- REACTANCE  CURVES 


FIG.  3-ELECTRICAL  EQUIVALENT 


FIGIO-ATTENUATION  CHARACTERISTIC 


Table  I — Effect  of  Temperature  on  Attenuation  Characteristic 


TO  HIGH- 

IMPEDANCE 

RECEIVER 


[uency  (kc)  of  Difference 

jower  Side  cps 


Frequency  (kc)  of  Difference 

tipper  Side  cps 


Down 


this  is  a  pure  REACTANCE 
BRIDGE  BALANCE  OCCURS 
AT  ANOo. 

I  Oj  AND  0,  ARE  NSULATED 
I  HALVES  OF  ONE  CRYSTAL. 
SO  ARE  Q^ANO  0^ 


93.58  93.62 
93.41  93.44 
93.29  93.35 
93.16  93.21 
Averajre 


r  Alow- IMPEDANCE 

1  Q.-"  ICFNERATOR 

FIG  1 1- BRIDGE  EQUIVALENT 


Average 


band  filter  are  wound  to  have  equal 
resistances,  or  if  supplementary 
resistors  are  inserted  to  make  all 
arms  of  the  equivalent  bridge  cir¬ 
cuit  have  equal  resistances,  it  is 
possible'  to  consider  these  resist¬ 
ances  as  being  brought  outside  the 
bridge  circuit  proper  and  incorpo¬ 
rated  in  the  terminating  resistors. 
This  leaves  the  bridge  as  a  pure 
reactance  bridge.  Under  this  con¬ 
dition  neither  the  sharpness  of  the 
cutoff  at  the  passband  edges,  nor 
the  steepness  of  the  attenuation 
characteristic  of  the  filter  is  im¬ 
paired  by  the  resistance^  of  the 
coils  inserted  in  the  filter  lattice. 

Mason'  has  given  mathematical 
formulas  from  which  the  values  of 
the  circuit  components  of  a  filter 
section  can  be  computed  after  cer¬ 
tain  constants  have  been  chosen. 
These  are  (1)  the  frequencies  of 
the  edges  of  the  passband,  (2)  the 


each  crystal  of  the  filter  circuit. 
The  widening  of  the  filter  passband 
by  the  use  of  coils  is  due  to  the 
fact  that  their  addition  produces  a 
large  increase  in  the  separation  of 
resonant  and  antiresonant  frequen¬ 
cies  of  the  bridge  arms  and  fur¬ 
thermore  extends  the  upper  edge 
of  the  passband  considerably  be¬ 
yond  the  higher  of  the  two  antire¬ 
sonant  frequencies  of  the  bridge 
circuit.  Fig.  9  and  10. 

For  the  passband  region,  the 
image  impedance  of  the  filter  is 
a  pure  resistance  whose  value 
changes  from  near  zero  at  the  pass- 
band  edges  to  a  maximum  midway 
between  them.  Terminating  re¬ 
sistances  considerably  lower  than 
the  midband  impedance  are  used 
in  the  filters  actually  built  to 
secure’  a  better  average  impedance 
match  over  the  whole  passband. 

If  all  the  coils  used  in  the  wide¬ 


sign.  Adjustment  of  the  bridging 
capacitors,  therefore,  controls  the 
frequencies  of  the  attenuation 
peaks  of  Fig.  5. 

The  resonant  and  antiresonant 
frequencies  of  a  quartz  crystal  are 
separated  by  only  about  0.4  percent 
of  resonant  frequency  (for  X-cut 
crystal).  Since,  as  seen  in  Fig.  4, 
the  passband  is  only  double  this 
amount,  some  other  circuit  element 
must  be  introduced  if  wide  pass- 
bands  are  desired.  Such  an  element 
may  be  an  inductance  placed  in  se¬ 
ries  or  in  parallel  with  each  crystal 
of  the  circuit.  These  two  types  of 
connection  result  in  filters  having 
low  image  impedance  and  high 
image  impedance,  respectively. 

To  avoid  stray  couplings  in  the 
channel  filters  herein  described,  a 
reasonably  low  image  impedance 
was  chosen.  This  choice  called  for 
a  coil  to  be  connected  in  series  with 
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FIG.  12 — A  double-section  6-kc-channel  crystal  iilter.  Capacitors  C,  permit  line 
adjustment  of  passband  width,  C.  fine  adjus'ment  of  attenuation  peaks,  L  are 
passband  widening  coils,  R,  are  terminating  resistors,  R,  are  interstage  impedance¬ 
matching  resistors  and  Y  are  +5-deg  X-cut  crystals 


frequencies  of  the  peaks  of  infinite 
attenuation,  and  (3)  the  midband 
image  impedance  of  the  desired 
filter.  The  formulas  refer  to  the 
electrical  equivalents  of  the  crystal 
filter  lattice  as  shown  in  Fig.  3 
and  8. 

A  sample  6-kc  filter  calculation 
using  the  wideband  filter  formulas, 
resulted  in  the  following  values. 
Chosen 

Zo  =  2,000  uhiiits 

/a  =  90  50  kc;  /b  =  100  70  kc 

/«>,=  98  70kc;/<x.,  =  107  50  kc; 

/oOj  =  00 

Having  obtained  the  values  of 
the  equivalent  electrical  compo¬ 
nents  of  a  crystal  filter  section,  the 
next  step  is  to  transfer  the  com¬ 
puted  series  resonant  frequencies 
ft  and  ft  of  the  crystals  to  actual 
dimensions  of  the  quartz  crystals 
themselves.  Equations  for  accom¬ 
plishing  this  depend  upon  the  type 
of  crystal  cut  decided  upon.’’  * 

Calculated 

Lo  =  Z,i  =  44  22  nili 

Co  =  52  84  /u^f;  C'l  =  54  .88 

Li  =  20.73  h;  C,  =  0.1206 /i/if; /2  = 
100.70  kc 

Lt  =  18.53  h;  C,  =  0  r2:i4  /i/if;/,  = 
105.28  kc 

The  —  18.5-deg  X-cut  crystal  had 
previously  been  generally  used  as 
a  filter  crystal  due  both  to  its  high 
Q  and  freedom  from  the  trouble¬ 
some  face  shear  mode  of  oscillation. 
However,  this  cut  has  quite  a  large 
temperature  coefficient  of  over  20 
parts  per  million  per  degree  centi¬ 
grade. 

The  -f5-deg  X-cut  crystal  with 
a  width-to-length  ratio  of  0.35  has 
a  temperature  coefficient  of  only 
about  4  parts  per  million  per  degree 
centigrade.*  Moreover,  it  is  easily 
cut  from  the  mother  quartz  (in¬ 
volving  rotation  only  about  the  X  or 
electrical  axis).  It  has  the  disad¬ 
vantage  of  having  a  relatively  large 
coupling  to  the  face  shear  mode 
when  wide  crystals  are  used. 

Because  of  the  two  advantages 
mentioned,  the  -|-5-deg  X-cut  crys¬ 
tal  was  chosen  for  the  present  filter 
construction.  A  single-section 
channel  filter  was  found  to  have  a 
spurious  resonance  due  to  the 
coupling  to  the  shear  mode.  The 
response  occurred  at  a  frequency 
approximately  116  percent  of  the 
passband  midfrequency  and  re¬ 
duced  the  attenuation  to  within  11 
db  of  that  of  the  passband  itself. 


When  a  filter  of  four  sections  was 
tested,  however,  no  observable  indi¬ 
cation  of  any  secondary  response 
at  all  ‘was  present.  This  is  evident 
in  the  graphs  of  Fig.  14  and  Fig.  15 
where  the  attenuation  is  87  db  or 
greater  for  all  frequencies  more 
than  1.2  kc  (1.1  percent)  higher 


than  the  upper  edge  of  the  pass- 
band.  This  desirable  result  was 
due  to  the  .slight  differences  in 
crystal  frequencies  for  the  four- 
filter  .sections  resulting  from  the 
choice  of  different  peaks  of  maxi¬ 
mum  attenuation  for  each  section. 

By  the  use  of  equations  given  by 


Top  and  bottom  views  oi  two-section  6-kc  bandpass  crystal  filter  chassis 
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length  ratio  of  0.35  the  decrease  is 
1.8  percent.  Hence  the  equation  is 
modified  for  the  crystals  used  in  the 
present  project  to 

/  =  108.5/1/'  kc 

A  preliminary  study  of  the  effect 
of  interelectrode  and  stray  capaci¬ 
tances  together  with  midband  fre¬ 
quency  and  bandwidth  require¬ 
ments  for  the  6-kc  bandpass  filters 
dictated  the  use  of  very  thin  crys¬ 
tals.  Having  chosen  a  minimum 
feasible  thickness  and  a  width  ' 
length  ratio  of  around  0.35  the 
equivalent  motional  capacitance  of 
a  sample  crystal  was  found  by 
crystal  minimum  temperature  co-  measurement  of  its  static  capac- 

efficient  of  4  parts  per  million  per  itance  together  with  its  resonant 

degree  centigrade  previously  men-  and  antiresonant  frequencies.  Sub- 

tioned.  As  X-cut  crystals  of  larger  stitution  of  this  value  for  C.  or  C* 

and  larger  widths  are  used,  the  in  Mason’s  equations  determined 

crystal  frequency  constant  de-  the  image  impedance  Zo  of  the 

creases  somewhat  from  that  of  a  filter.  This  value  of  Z„  was,  there- 

very  narrow  crystal.*  For  a  width  '  fore,  used  in  calculating  all  the 

electrical  components  of  the  6-kc 
bandpass  filters. 


FIG.  13 — A  double-section  20-cycle  crystal  filter.  Capacitors  C..,  control  passband 
width.  A3  are  terminating  resistors,  R4  and  A-  are  interstage  impedance-matching 
resistors  and  X  are  -|-5-deg  X-cut  crystals.  These  components  are  shown  in  the 
illustrations  on  this  page 


Atwood*  we  find  for  the  ^-5-deg 
X-cut  crystal  that  /  =  110.5/i/'  kc. 

This  equation  is  strictly  accurate 
for  only  very  narrow  crystals,  of 
which  1/'  is  the  length.  The  crystals 
were  designed  to  have  a  width/ 
length  ratio  of  about  0.35  in 
order  to  secure  the  +5-deg  X-cut 


Construction  of  Channel  Filters 


To  obtain  the  sharp  cutoff  and 
large  attenuation  required  by  the 
specifications,  a  filter  of  four  sec¬ 
tions  was  built  for  each  of  the  6-kc 
channel  filters.  Two  shielding 
cans  were  u.sed  as  containers  for 
each  complete  filter,  each  can  con¬ 
taining  two  filter  sections.  After 
the  filter  was  mounted,  dry  air  was 
passed  through  the  can  which  was 
then  hermetically  sealed. 

Each  single-filter  .section  consists 
of  two  crystals  with  divided  plat¬ 
ing,  two  coils  in  shielding  cans,  each 
equipped  with  adjustable  powdered- 
iron  cores,  two  small,  fixed,  molded- 
mica  capacitors  and  a  tiny  bridging 
capacitor.  The  latter  is  formed  by 
two  short  lengths  of  bus  bar 
mounted  about  i-inch  apart  on  the 
bottom  of  the  Bakelite  crystal 
mounting  base. 

The  circuit  of  each  double-.section 
filter  is  shown  in  Fig.  12.  Resistor 
/ij,  shunted  between  the  intercon¬ 
nection  of  each  two  sections  and  the 
chassis,  together  with  the  resist¬ 
ances  of  the  input  and  output  coils, 
provides  a  T  pad  to  .serve  for  inter¬ 
stage  impedance  matching.  Ex¬ 
ternal  terminations  were  used  with 
each  double  section  filter. 

Each  series  coil  is  a  universal- 
wound  coil  on  a  1-inch-diameter 


Crystal  mounting  and  coil  details  for  6-kc  bandpass  crystal  filter 


Top  and  bottom  views  of  two-section  20-cycle  filter  chassis  for  100-kc  carrier 
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FIG.  16 — Attenuation-frequency  charac 
teristic  and  effect  of  temperature  change 
on  the  100-kc  2-8ectlon  carrier  filter 


FIG.  14 — Attenuation  characteristic  of  a 
four-section  crystal  channel  filter  for 
94-99.9  kc 


FIG.  *15 — Attenuation  characteristic  of  o 
four-section  crystal  channel  filter  for 
100.1-106  kc 


spectively  at  25C  and  50C.  A  rise 
of  temperature  is  observed  to  cause 
the  characteristic  as  a  whole  to 
shift  to  slightly  lower  frequencies. 
The  shift  averages  only  0.44  cycles 
per  deg.  The  bandwidth  of  the 
filter  characteristic  measured  at 
room  temperature  is  16  cycles  at  a 
relative  attenuation  of  3  db,  22 
cycles  at  6  db,  86  cycles  at  50  db  and 
180  cycles  at  78  db.  The  latter  at¬ 
tenuation  is  maintained  for  all 
frequencies  outside  the  180-cycle 
band  mentioned. 
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ment  for  preparation  and  mounting 
of  the  crystals,  and  to  the  RCA- 
Victor  Division  of  the  Radio  Corpo¬ 
ration  of  America  at  Camden,  New 
Jersey,  whose  facilities  made  pos¬ 
sible  the  development  herein 
described. 


Isolantite  form.  The  coil  is  itself  of  about  24  db.  To  compen- 
equipped  with  an  adjustable  pow-  sate  for  this  loss,  the  filter  was  fed 
dered-iron  core,  and  in  use  is  from  and  into  vacuum-tube  circuits, 
mounted  in  the  shielding  can.  The  tube  supplying  the  signal  to 

the  input  of  the  filter  was  a  6J5 
used  in  a  cathode-follower  circuit 
for  easy  impedance  matching.  The 
output  of  the  filter  was  fed  to  a 
6SK7  pentode  amplifer.  The  result 
was  a  gain  within  the  passband  of 
1.5  db  measured  from  input  to 
cathode  follower  to  output  of  the 
pentode  amplifier.  The  same  type 
of  tube-circuit  arrangement  was 
used  with  the  carrier  filter. 

The  attenuation  characteristics 
of  the  lower  and  upper  channel 
four-section  crystal  filters  are 
shown  in  Fig.  14  and  15.  The 
average  characteristics  are  as 
follows : 

Width  of  passband  between 
points  2  db  down,  5.94  kc;  2-db 
point  adjacent  to  carrier,  134  cycles 
firom  carrier,*^  passband  flat  within 
±0.6  db  over  a  bandwidth  of  5.73 
kc;  bandwidth  at  85  db  down,  8.10 
kc;  attenuation  greater  than  87  db 
for  all  frequencies  separated  more 
than  4.17  kc  from  the  passband 
midfrequency.  Tests  of  the  6-kc 
channel  filters  at  25C  and  50C  re¬ 
spectively  show  a  slight  narrowing 
of  the  passband  .with  rise  in  tem¬ 
perature  averaging  about  two-and- 
one-half  cycles  per  centigrade  de¬ 
gree  of  temperature  change.  This 

is  shown  in  Table  I. 

Results  and  Conclusions  t_ 

In  r  ig.  16.  are  shown  two  pass- 

Each  of  the  two  complete  four-  band  and  attenuation  character- 
section  6-kc  channel  filters  had  an  istics  of  the  double-section  carrier 
insertion  loss  within  the  passband  filter.  These  were  measured  re¬ 


construction  of  Carrier  Filter 

The  narrow-band  filter  for  the 
100-kc  intermediate-frequency  car¬ 
rier  was  much  simpler  in  design 
and  construction  than  the  channel 
filters  described  above. 

Calculated  values  of  the  motional 
capacitance  together  with  the 
chosen  theoretical  passband  width 
of  40  cycles,  and  the  chosen  fre¬ 
quencies  of  the  attenuation  peaks, 
determined  the  value  of  image  im¬ 
pedance.  * 

Here,  again,  as  for  the  6-kc  chan¬ 
nel  filters,  terminating  resistors  of 
smaller  size  than  the  image '  im¬ 
pedance  were  used  to  give  a  better 
impedance  match  throughout  the 
passband.  Figure  13  is  a  schematic 
diagram  of  the  wiring  of  this 
double-section  narrow-band  filter. 

Each  single  section  consists 
merely  of  two  divided-plating  crys¬ 
tals,  two  small  mica  capacitors  and 
the  terminating  resistors.  The 
three  resistors  (at  the  center  of  the 
under-chassis  view)  constitute  a 
pi-type  attenuation  pad  of  about  7 
db  between  the  two  sections.  Input 
and  output  terminating  resistors 
are  mounted  externally  to  the  shield 
can. 
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Bayonet  shield  base  when 
shielding  of  tube  is  neces¬ 
sary. 


A  joint  development  of  ERIE  RESISTOR  CORP. 
and  CINCH  MANUFACTURING  CORPORATION 


With  built-in  Ceramic  Condensers,  Piexicon 
Tube  Sockets  provide  the  most  effective  method 
of  by-passing  .  .  .  with  condenser  close  to 
tube  element  providing  shortest  path  to  ground. 
Capacity  up  to  1 ,000  AAMF  —  any  tube  element 
may  be  coupled  or  by-passed  as  desired. 

Any  or  all  terminals  of  this  socket  may  be  by¬ 
passed  to  ground  or  coupled. 

Also  available  in  Octal,  Loktal  and  Noval  type 
sockets. 


Mounting  Strap,  EXP  8556 


('/) 

Lii 


Erie  Ceramic  Condensers 


Thii  tchematif  diagram  ihowt 
the  basic  design  principle.  The 
silvered  ceramic  condensers  are 
shown  in  yellow  Note  that  the 
condenser  completely  surrounds 
the  tube  pin,  and  that  specially 
designed  tube  prong  terminals 
are  used. 


Three)  lengths  of  shield 
cans  are  available: 

No.  8660,  height 
No.  8661,  height 
No.  16G12564, 

height,  2V4" 


Write  for  detailed  infor¬ 
mation,  and  in  ordering 
Specify  capacities  required 
and  position  of  condensers. 


AVAILABLE  AT  LEADING  ELECTRONIC  JOBBERS 


OSATIOIf 


S335  WEST  VAN  BUREN  STREET  CHICAGO  12,  ILLINOIS 

Svbsidiory  of  United-Carr  Fattener  C«rperotion  -  Combridge  42,'  AAatsochusetts 


Tele  Service  Areas 


By  JOHN  H.  BATTISON 

Allocations  Bnpincer 
American  Broadcasting  Co.,  Inc. 
New  York,  N.  Y. 


The  accompanying  charts,  based  upon  FCC 
assumptions  and  data,  provide  a  quick 
approximation  of  television  service  areas  for  the 
6,000  {tv  per  meter  (solid  line)  and  500  {iv  per 
meter  (dashed  line)  contours.  Receiving  an¬ 
tenna  height  is  assumed  to  be  30  feet  above  aver¬ 
age  terrain. 

To  determine  the  distance  from  a  channel  2 
20-kw  transmitter  2,000  feet  above  average  ter¬ 
rain  to  the  6,000  (tv  per  meter  contour,  enter  the 
appropriate  chart  at  the  left  and  follow  the 
effective  radiated  power  line  across  to  its  junc¬ 
tion  with  the  solid  curve  for  2,000  feet.  Then 
read  off  the  distance  in  miles  (29  miles,  in  this 
case)  from  the  scale  at  the  top  of  the  graph. 
The  600  {iv  contour  from  a  similar  transmitter 
would  be  found  at  60  miles,  using  the  dashed  line 
for  height  and  the  lower  scale  of  miles. 

Power  and  antenna  height  necessary  for 
desired  coverage  can  also  be  determined  from 
the  charts. 


3.000/4.  V  ?tR  M  CONTOUR  IN  MILCS 
ao  TO  60  30  40  50  20  tO  0 


OTT- 

1  1  !  1 

- 

'1 

I 

4  i 

I 

t 

Wf. 


S.OOOai  v/m  ■ 


{channels 

2,3AN0A 


1  /  /  *f  -'-500.l4V/M 


fi/i  III 


I  i  ii/m  |-  ■ 

I  1 1  1 1 1  J|  f  ili/.l  [l  I  i/  ^fi  / lAllMilHi  1 11 1  [  .  1 1 1  1 1 1 :  i:l  I 

0  K)  20  30  40  90  60  TO  SO  w  100  110 

900>kV  KR  M  CONTOUR  IN  MILCS  .  .  . 


S,000.uV  RER  M  CONTOUR  IN  MILES 
•0  70  60  SO  40  30  tO  10 


I  a  mumimmaaMii 

r.nwnviMfi 

m'mmiMmm 


n 

^•l•■lTAVSI■■•'ll■.■f■ra 
i  a'l  Ji  f  ■  i.ai  Ilf  laMif  ■ 
IVVVtWiaMITlWHV 

liUUf.aitllllMIM 

innmm'iimMi 

immvmum 


immmmmmmtnBfmMnxa  i 


iiiiiliimmvjiiii 

Hmmmm 


10  20  30  40  90  60  70  60  60  lOO  110 

900yM  V  PER  M  CONTOUR  iN  MILES 

9.000>«V  PER  M  CONTOUR  IN  MILCS 
60 _ TO  60  SO  40  50  20  10  0 _ ^ _ 


'mM 

///,/' 


SOOO/iV/M-|- 


CMANNELSp 
—  r7  T0I3  — 


f 


Wj 

1 1 


10  20  50  40  so  60  70  60  60  lOO  IIO 

SOO/iV  PERM  CONTOUR  IN  MILES 


ELECTRONICS  REFERENCE  SHEET 


October.  1948— ELECTRONICS 


The  First  All  ISew  Variable  Resistor  in  Years 


#  LOW  NOISE  LEVEL — both  mechanically  and  electrically — stays 
quiet,  too,  even  after  tens  of  thousands  of  cycles. 


•  HIGHER  STANDARDIZATION— faster  delivery  schddules-thanks 
to  new  design. 

•  NEW  TERMINALS— you  can  bend  or  twist  terminals  without  break¬ 
ing  them.  • 


NEW  TERMINAL  LOCATION — farther  away  fromi  mounting  sur¬ 
face — eliminates  need  for  extra,  insulation.  j 


ADAPTABLE  TO  TELEVISION— voltage  characteristics  make  it 
adaptable  for  television  receivers  as  well  as  radio  sets  and  all 
applications  requiring  variable  resistors.  i 


SAVES  SPACE  — can  be  specified  where  a  larger  control  ordinarily 
would  be  needed. 


LIGHT — ideal  for  portable  radio  applications. 


#  FLAT  SHAFT — for  standardization  and  uniformity  in  production — 
adaptable  to  any  type  knob  now  used. 

•  NEW  SWITCH— specially  designed  to  give  long,  trouble-free  life. 


This  quiet,  smooth  working  control  is  the  first  really  new 
design '  in  years — and  behind  it  are  years  aftd  years  of 
Mallory  experience  and  diversified  manufacturing  facilities 
in  metallurgy  and  electronics.  You  can  specify  the  Midgetrol 
with  complete  confidence.  Write  today  for  Technical  Infor¬ 
mation  Bulletin  and  Specification  Sheet. 


CAPACITORS 
SWITCHES  . 
VIBRAPACK 


.  CONTROLS  .  .  .  VIBRATORS  .  .  . 
RESISTORS  .  .  .  RECTIFIERS  .  .  . 
POWER  SUPPLIES  .  .  .  FILTERS 

*R*g.  il.S.  Pqf.  Off. 
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TUBES  AT  WORK 


Including  INDUSTRIAL  CONTROL 

Edited  by  VIN  ZELUFF 

Airborne  Magnetometer . 

RPM  Coimter . 

Metal  Picture  Tube . 

Amplitude-Selective  Amplifier . 


PULSE 

SECONDARY 


EARTH'S 

FIELD 


Airborne  Magnetometer 


HEAD 


I  IPOO  CPS  I 

'-vQOQOQ.-J 


Measurements  accurate  to  one  the  earth  at  its  surface  and  the 
part  in  50,000  of  the  earth’s  mag-  underground  rock  formations  for 
netic  field  are  made  with  the  air-  many  years.  For  these  measure- 
borne  magnetometer  developed  by  ments  on  the  ground,  a  delicately 
the  Gulf  Research  and  Development  balanced  instrument  was  used,  but 
Co.  engineers  and  geologists  and  to  survey  large  or  rugged  areas 
recently  demonstrated  at  Westches-  took  a  great  deal  of  time  and  effort, 
ter  County  airport.  The  instru-  Several  difficulties  arise  if  a  con- 
ment  is  currently  being  used  in  ventional  magnetometer  is  used  in 
prospecting  for  oil  and  mineral  de-  an  aircraft.  Accelerations  of  the  in- 
posits.  The  odds  of  finding  oil  have  .  strument  must  be  counteracted, 
been  improved  from  approximately  This  requirement  limits  the  design 
16:1  to  5:1  by  the  use  of  such  re-  to  one  having  no  moving  parts.  Re¬ 
connaissance  tools  as  airborne  mag-  cause  of  the  speed  of  motion,  the 
netometers,  gravimeters  and  seis-  instrument  must  be  automatically 
mographs.  Novel  magnetic  and  recording;  an  operator  could  not 
circuit  techniques  are  used  in  the  take  readings  fast  enough  in  a 
magnetometer  to  obtain  its  high  plane  flying  at  120  mph.  The  mag- 
sensitivity.  netic  fluctuations  to  be  measured  tance  from  the  mother  plane. 

are  so  slight  that  they  could  be  To  meet  these  requirements,  a 
Operating  Principle  masked  by  unbalanced  magnets  and  sensing  element  of  the  flux-gate 

Geologists  have  used  the  corre-  currents,  so  the  instrument  must  type  was  developed,  and,  by  1941 
lation  between  the  magnetic  field  of  be  suspended  a  considerable  dis-  had  been  perfected  sufficiently  for 

airborne  use.  During  the  war  the 
instrument  was  used  for  locating 
submerged  submarines,  for  which 
application  it  needed  to  be  sensitive 
only  to  short,  intense  discontinui- 
in  magnetic  field.  It  has  been 
further  refined  to  give  an  absolute 
.S'  H  indication  and  to  hold  its  calibra- 

^  1  *  ‘  f  ijffiBB 

Basically  the  sensing  element 
.V  consists  of  two  thin  cores  of 

•  *  I  highly  permeable  alloy  on  which  are 

^  wound  two  separate  coils  as  shown 

in  Fig.  lA.  The  the 

these  identical  coils  with  alternat- 

_  £  W‘  iMrai  ing  current  ( 1,000*  cps). 

As  long  as  the  impedances  pre- 

V  i  ^  sented  by  both  coils  are  equal,  the 

voltages  across  the  two  primaries 
r  equal,  whether  the  cores  are 

A  saturated  or  not,  because  both  cores 

"  win  become  saturated  simultane¬ 

ously,  although  with  opposite  polar¬ 
ities.  However,  if  the  element  is 
placed  in  a  fixed  magnetic  field,  the 


HEAD 


DETECTOR 


FIG.  1 — Magnetometer  head  depends  ior 
its  action  on  the  change  in  inductance  os 
the  core  becomes  saturated  (A).  The  pulses 
produced  by  the  head  ore  conrerted  to 
direct  current  and  combined  to  gire  a 
signal  proportional  to  the  magetic  field 


In  flight,  the  magnetometer  operator  at  the  right  mokes  nototions  on  the  magnetic  record 
of  information  provided  by  the  sensing  unit.  At  left,  on  operator  checks  die  shoran 
pulses  while  the  flight  director  corrects  the  course  flown  and  advises  the  pilot 
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THE  IMC  ENGINEER  m^miS 


m 

M-i 


hut  not  on  your  payroll 


TUNE  IN  THE 
ELECTRICAL 
INSULATION 
HE  A  DQUARTERS 


Because  your  IMC  engineer  represents  not  just  one,  but 
mcMt  of  the  recognized  leading  manufacturers  of  electrical  in* 
sulation— each  specializing  in  his  own  particular  product— his 
experience  in  the  insulation  field 

is  more  complete.  As  a  specialist  p  ■  *  ■  m 

in  electrical  insulation,  he  and  I  I  III  mk  I  ^1 

the  IMC  organization  behind  I  IV  III  mM  I  III  IV 

him  are  qualified  to  .  .  .  I  1 1  W  W  Lfl  I  I  W 

1.  Assist  you  in  the  selection  of  MANUFACTURERS  CORPORATION 

the  best  insulating  materials 

2.  Familiarize  you  with  their  so«uv«rd 

proper  application.  3I2  Ea«t  Wisconsin 

3.  Suggest  ways  to  elimmate  Detroit  lo 


*CHICAGO  * 
565  W.  Washin9ton 
BouUvord 


4.  Increase  your  production. 


MILWAUKEE  a  .  r  DAYTON  a 

3ia  East  Wisconsin  /Ja. 1315  Mutwol  Homo 
Avonuo  Building 

DETROIT  2:  15  Lowronco  Avonuo 
*  Local  Slocks  Avoiloblo 
Roprosontativos  in; 

MINNEAPOLIS  3:  1208  Harmon  Ploco  PEORIA  5:  101  Hoinx  Court 


PRODUCTS  LIST:  Macolien  Mica  Products 
— Vortex  Varnished  Cloths  and  Tapes— Varslot 
Combination  Slot  Insulation  —  Fiberglas  Elec¬ 
trical  Insulation — Manning  Insulating  Papers  and 
Pressboards  — Dow 
Coming  Silicones — 
■VI  Dieflex  Varnished 

I  III  |E|  Tubings  and  Saturot- 

i  I  I  I  I  1^1  ed  Sleevings — Na- 

^11  I  *  tional  Hard  Fibre  and 

Fishpaper— Phenolite 
DRPORATION  Bakelite— Permacel 

Adhesive  Tapes— As- 
*CLEVEiANO  14  bestos  Woven  Tapes 

’aJo.^n'e"'  *•"*•  Sleevings-ln- 

w-  manco  Cotton  Tapes, 

DAYTON  a  L  u  •  j 

1315  Mutuol  Homo  weDDings,  and 

•J  Building  Sleevings  —  Pedigree 

ICO  Avonuo  Insulating  Varnishes 

^Wedgi«  Brand 

PEORIA  5;  101  Hoinx  Court  Wood  Wedges. 


*CLEVEIAND  14 
1231  Suporior 
Avo.,  N.  E. 


Sensing  slsment  of  the  airborne  magnetom¬ 
eter  and  the  gimbal  mounting  for  position¬ 
ing  the  unit  parallel  to  the  earth's  magnetic 
field 


two  cores  will  become  magnetically 
biased  so  that  one  will  enter  satu¬ 
ration  in  the  direction  of  the  ex¬ 
ternal  field  before  the  other  enters 
saturation  in  the  opposite  direc¬ 
tion.  Thus  there  will  be  a  moment 
when  the  two  coils  do  not  present 
equal  impedances. 

A  short  voltage  pulse  will  occur 
across  a  secondary  winding  (or  its 
electrical  equivalent)  because  of 
the  phase  shift  of  the  moment  of 
passing  the  knees  of  the  magneti¬ 
zation  curves  of  the  two  cores.  For 
small  external  fields,  the  amplitude 
of  this  pulse  is  proportional  to  the 
field  strength  (The  Gulf  Airborne 
Magnetometer,  R.  D.  Wyckoff,  Geo¬ 
physics,  p  182,  April,  1948). 

Auxiliary  Circuits 


To  use  such  an  element  in  an  air¬ 
plane  requires  several  auxiliary  cir¬ 
cuits.  Figure  IB  shows  the  detector 
circuit  with  which  the  pulses  are 
picked  off  the  sensing  element  by  a 
differential  transformer  and  con¬ 
verted  to  direct  current  by  cathode 
followers.  By  design  of  the  sensing 
circuit  and  coupling  transformer, 
sufficient  voltage  is  obtained  at  the 
input  to  the  differential  cathode- 
follower  circuit  so  that  no  subse¬ 
quent  amplification  is  necessary. 

Because  of  the  permeability  of 
the  cores  of  the  magnetometer 
head,  J^he  unit  is  saturated  by  rela¬ 
tively  weak  fields.  To  prevent  sat¬ 
uration  and  also  to  provide  a  range 

(continued  on  p  140) 


THE  FRONT  COVER 

Electronic  equipment  mounted  in  the  nose  of  this  P80  jet 
fighter  permits  the  operation  of  all  flight  controls  by  radio 
from  the  ground  during  takeoff  and  landing  and  within  easy  radar 
range  of  the  field.  On  longer  flights  control  may  be  taken  over  by 
a  mother  plane. 

Principal  use  planned  for  this  drone  is  the  conducting  of  tests 
considered  too  hazardous  for  a  pilot  to  undertake,  such  as  power 
dives  requiring  pullout  at  speeds  no  human  can  withstand.  Tests  of 
this  nature  are  scheduled  to  take  place  at  Muroc  Air  Force  Base 
in  California  in  the  near  future. 

Space  normally  occupied  by  the  engine  in  conventional  ships  con¬ 
tains,  in  this  case,  about  three  times  as  much  equipment  as  that 
visible  in  the  accompanying  photograph.  It  includes  an  f-m  trans¬ 
mitter  and  receiver,  telemetering  and  television  equipment. 

A  television  camera  monitors  an  instrument  panel  set  up  in  the 
forward  portion  of  the  nose.  The  panel  contains  the  attitude  gyro, 
airspeed  indicator,  altimeter,  tachometer,  magnetic  compass,  accel¬ 
erometer,  elevator  trim  tab  position,  correlating  counter,  dive  flap 
down  light  and  fire  warning  light. 

Four  motion  picture  cameras  in  the  plane  are  started  and  stopped 
by  remote  control.  One  is  in  the  cockpit  to  photograph  the  regular 
instrument  panel,  one  alongside  the  television  camera  in  the  nose 
and  two  mounted  in  the  fuselage  to  photograph  either  wing  tip. 

The  correlating  counter  on  the  instrument  panel  in  the  nose  is 
used,  along  with  pips  entered  at  intervals  directly  on  movie  film  in 
each  camera,  to  correlate  all  movies  with  the  plane’s  actions  at  a 
given  moment  and  also  with  a  fifth  camera  photographing  the  tele¬ 
vision  receiver  screen  in  the  truck.  By  use  of  television,  the  plane 
can  be  flown  by  remote  control  from  inside  the  truck,  except  for 
take-off  and  landing. 

Pictured  testing  the  electronic  equipment  is  civilian  radio-control 
engineer  Richard  W;  Hill,  of  the  instrumentation  section  of  the 
Flight  Test  Division  at  Air  Materiel  Command  headquarters, 
Wright-Patterson  Air  Force  Base,  Ohio.  U.  S.  Air  Force  phdto  by 
CWO  Stephen  P.  Mongelluzzo. 
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Pick  the  POWER  you  need 


take  the  performance  for  iranted 


8 


30  WAHS 


1 


728B 


756A 


Ample  poe'er  capacity  for  the 
gJ.majori<yofappli«»o«- 

cy  range  65  to  1. 

r.:r:;:f‘aeep:Bnc,osnre 

space  2%  cubic  feet. 


Ideal  for  use  wherever  extra 
high  power  is  needed.  Frequen- 
cy  response  60  to  10,000  cycles. 
Coverage  angle  50®.  12  11/32" 
in  diameter,  3  25/32"  deep.  3 
cubic  feet  of  enclosure  space. 


755A 


1 

\ 


standing  1 

jffibines  outsta  ^^p^ce 

O  to  .^.•iodiame'c  • 

«€T\e  70®-  »V  2  cubic 

ofcnclos--'^"* 


XHESE  THREE  direct  radiators  wilt  meet  practically 
all  your  requirements — in  broadcast  stations,  wired 
music,  program  distribution  and  sound  systems,  high- 
quality  home  radios  and  record  players.  Pick  the  ones 
you  need  on  the  basis  of  power  requirements.  You’ll 
find  superior  quality  of  reproduction  in  all  of  them. 

Get  the  full  story  of  this  Western  Electric  line  from 
your  local  Graybar  Broadcast  Representative — or  write 
Graybar  Electric  Company,  420  Lexington  Avenue, 
New  York  17,  N.  Y. 


DISTRIBUTORS!  IN  TB£  U  S.  A.  — 
Graybar  Electric  Company. 

IN  CANADA  AND  NEWFOUNDLAND— 
Northern  Electric  Company,  Ltd. 


Western  Electric 


-QUALITY  COUNTS- 
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FIG.  2  Micrograph  mad*  with  modiiiod  oloctron  microscopo  of  the  fringe  field  along  the  edge  of  a  eteel  sheet  indicates  that 
magnetic  domains' or  groin  boundaries  ore  o  few  microns  opart  (magnificotion  obout  50,000  diometers) 


THE  ELECTRON  ART 

Edited  by  fRANK  ROCKETT 

Magnetic  Field  Patterns  Shown  by  Electron  Microscope . 

The  Eriscope  Camera  Tube . 

The  Miller  F-M  Circuit.'. . 

Precision  Qrcuit  Printing . 

The  Synchrostrob  Timer . 

Survey  oi  New  Techniques . 


Magnetic  Field  Patterns  Shown  by  Electron  Microscope 


Extension  of  the  exjierimental 
method  adapted  at  the  National 
Bureau  of  Standards  for  visually 
studying  magnetic  fields  provides  a 
powerful  means  for  investigating 
space-charge  fields,  fields  produced 
by  contact  potentials,  configurations 
inside  waveguides,  and  the  micro¬ 
structure  of  metals.  The  method, 

‘  developed  by  L.  L.  Marton,  is  the 
electronoptical  analogy  of  the  Sch- 
lieren  effect  in  optics.  By  it,  static 
magnetic  and  electric  fields  can  be 
examined  without  the  disturbing 
effects  of  probes;  it  is  being  used 
to  measure  the  magnetization  of 
wire  used  for  sound  recording  and 
for  storing  data  to  be  used  by  elec¬ 
tronic  computers. 

Dark-Field  Image 

Figure  lA  shqws  an  image  pro¬ 
duced  by  the  modified  electron  mi¬ 
croscope  used  in  the  quantitative 
■  study  of  magnetic  fields.  The  elec¬ 
tronoptical  arrangement  by  which 
this  image  is  produced  is  shown  in 
Fig.  IB.  Electrons  from  source  A 
are  normally  brought  to  a  focus  by 
lens  C  at  point  D.  However,  if 
there  is  a  disturbing  field  at  B  such 


as  a  magnetized  wire,  it  will  distort 
the  electron  trajectories  so  that  a 
dark  image  of  the  obstruction  will 
be  formed  on  screen  E  placed  in  the 
conjugate  plane.  -  The  lens  will  also 
bring  to  focus  on  this  plane  an 
image  of  the  disturbing  field.  A 
stop  intercepts  the  undisturbed 
electrons  focused  at  D.  The  dark- 
field  image  at  E  is  made  visible  by 
a  fluorescent  screen  or  is  recorded 
as  a  micrograph.  Figure  1C  is  an 
approximate  picturization  of  the 
action  involved. 

Figure  2  shows  the  image  pro¬ 
duced  when  a  presaturated  thin 
laminar  steel  sample  with  a  feather 
edge  is  placed  in  the  electron  micro¬ 
scope  between  the  source  and  the 
lens.  The  objective  lens  was  slightly 
misaligned  in  making  this  picture 
to  bring  one  edge  of  the  objective 
parallel  to  the  observed  edge.  In  this 
way  the  direct  rays  were  inter¬ 
cepted  by  the  objective  .aperture, 
only  the  electrons  scattered  at  the 
edge  of  the  specimen  reaching  the 
final  image  plane  to  form  the 
in^age.  The  faint  pattern  at  right 
angles  to  the  edge  of  the  bright 
line,  visible  wherever  the  line  is  in- 
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FIG.  1 — (A)  Opposite  polarities  of  odjocent 
mognetised  regions  on  both  sides  of  a  wire 
deflect  electrons  of  microscope  to  produce 
bright  semicircles  on  a  fluorescent  Tiewing 
screen.  The  optical  system  (B)  intercepts  di¬ 
rect  rays  un^fected  by  field  of  wire  as 
shown  by  solid  lines;  dashed  lines  show 
how  field  of  wire  is  focused  on  screen  by 
same  lens.  An  approximate  perspectiTe 
drawing  (C)  shows  paths  oi  defli^ed  elec¬ 
trons.  This  electron  analogy  oi  the  optical 
Schiieren  effect  adds  another  type  oi  ob- 
iect,  namely  fields,  that  con  be  obserred  in 
electron  microscopes 


terrupted,  is  assumed  to  be  due  to 
the  fringe  field  of  ferromagnetic 
domains  or  of  grain  boundaries.  In 
this  way  a  visual  representation  of 
fringe  fields  from  the  small 
domains  of  spontaneous  magnetiza¬ 
tion  in  ferromagnetic  materials  is 
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Q,  INDUCTANCE  and  CAPACITANCE 


Radio  frequency  circuit  design  often  requires  the  ac¬ 
curate  measurement  of  Q,  inductance,  and  capacitance 
values.  For  this  application,  the  160-A  Q-Meter  has 
become  the  universal  choice  of  radio  and  electronic 
engineers  throughout  the  country. 

Each  component  part  and  assembly  used  in  the  manu¬ 
facture  of  this  instrument  is  designed  with  the  utmost 
care  and  exactness.  Circuit  tolerances  are  held  to  values 
attainable  only  in  custom  built  instruments. 

Consider,  for  example,  the  Q  tuning  capacitor  as¬ 
sembly  of  the  160-A  Q-Meter,  specially  manufactured 
for  maximum  range,  low  loss,  and  minimum  residual 
inductance.  The  ultimate  design  of  this  unit  was  reached 
only  after  months  of  intensive  engineering  research  to 
produce  the  finest  in  performance,  quality,  and  work¬ 
manship. 

This  is  but  one  of  the  many  desirable  features  of  the 
160-A  Q-Meter  which  contribute  to  its  outstanding  ac¬ 
curacy  and  dependability. 

Be  sure  to  include  the  160-A  Q-Meter  in- your  new 
equipment  plans  for  1948. 

Writ*  for  Catalog  **E” 


Shewn  abovo  is  tho  Q  tuning  capacKater  assombly  of  the  160-A 
Q-Motor.  Note  tho  following  design  features  of  this  unit  —  features 
which  insure  reliable,  trouble-free  operation. 

A.  Parallel  connection  of  dual  rotor  and  stator  assemblies  minimizes 
internal  inductance  and  resistance. 

B.  Spring  silver  fingers  contact  both  sides  of  silver  disc  to  provide 
low  series  resistance. 

C.  Three  point  pyrex  ball  stator  suspension  reduces  losses  and  permits 
accurate  stator  alignment. 

D.  Four  point  panel  mounting  designed  to  produce  maximum  structural 
rigidity  and  capacitaiKe  stability. 

E.  Precision-cut  brass  spur  gears  and  stainless  steel  shafts,  mounted 
in  oversize  bearings,  assure  long,  trouble-free  service. 

F.  Common  stator  mounting  for  main  and  vernier  stator  plates  reduces 
loss  and  internal  series  resistance  of  vernier  capacitor  section. 

G.  Positive  shaft  stop  protects  main  rotor  assembly  and  gears  against 
mechanical  overload. 

SPEOFICATIONS 

Oscillator  Frequency  Range:  50  kc.  to  75  me.  in  8  ranges. 

Oscillator  Frequency  Accuracy:  1  %,  50  kc.— 50  me. 

=^3%,  50  me.— 75  me. 

Q  Measurement  Range:  Directly  calibrated  in  Q,  20-250.  “Mul¬ 
tiply— Q— By”  Meter  calibrated  at  intervals  from  x1  to  x2,  and  also 
at  x2.5,  extending  Q  range  to  625. 

Q  Measurement  Accuracy:  Approximately  5%  for  direct  reading 
measurement,  for  frequencies  up  to  30  me.  Accuracy  less  at  higher 


Capacitance  Calibration  Range:  Main  capacitor  section  30-450  mmf, 
accuracy  1%  or  1  mmf  whichever  is  greater.  Vernier  capacitor 
section  +3  mmf,  zero,— 3  mmf,  calibrated  in  0.1  mmf  steps.  Ac¬ 
curacy  =*=0.1  mmf. 
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obtained  from  which  the  field  dis¬ 
tribution  and  domain  sizes  can  be 
computed. 


The  Eriscope  Camera  Tube 
By  Boyd  France 

McOrato-Hill  World  News 
Paris,  France 

High  resolution  and  sensitivity 
are  obtained  in  the  French  tele¬ 
vision  earner^  tube  called  the  eri- 
scope.  Like  the  image  orthicon, 
this  tube  separates  the  functions  of 
forming  and  scanning  the  image. 

Comparative  tests  of  the  eriscope 
and  the  image  orthicon  conducted 
at  the  Zurich  Polytechnical  School 


Lika  image  orthicon,  formation  of  electrical 
image  and  scanning  are  separate  operation 
in  eriscope;  signal  is  amplified  externally 


indicated  that  the  eriscope  had  the 
greater  resolution ;  it  produced 
sharper  images  with  greater  tonal 
range  and  haltfone  definition  and 
less  spotting.  All  tubes  now  com¬ 
ing  from  the  production  line  of  the 
Society  Radio  Industrie  de  France 
have  a  definition  of  800  lines,  some 
are  capable  of  1,000  lines.  All  these 
tubes  being  made  currently  are  for 
the  state  television  company.  The 
tests  also  showed  that  the  image 
orthicon  is  the  more  sensitive.  For 
picking  up  outdoor  scenes  with  the 
eriscope,  100  lux  is  sufficient.  Under 
artifical  light  it  is  necessary  to  in¬ 
crease  the  illumination  to  500  lux 
because  the  tube  is  less  sensitive  to 
red  than  to  blue  light. 


Forming  and  Scanning  the  Image 

By  separating  the  functions  of 
cor  verting  light  images  into  elec¬ 
trical  ones  and  of  scanning  the  elec¬ 
trical  images,  the  elements  of  the 


camera  tube  can  be  designed  inde¬ 
pendently  for  maximum  efficiency. 
The  transparent  photosensitive 
cathode,  whose  position  is  shown  in 
the  accompanying  diagram,  is  an 
alloy  of  cesium  and  antimony.  The 
optical  image  is  formed  on  the  in¬ 
terior  surface  of  this  cathode  thus 
emitting  electrons  in  proportion  to 
the  incident  photons.  These  elec¬ 
trons  are  accelerated  by  an  anode 
at  500  volts  above  the  photocathode, 
the  two  electrodes  forming  a  di¬ 
vergent  lens  for  the  electrons.  A 
magnetic  focusing  coil  gives  the 
electrons  a  trajectory  such  as  that 
shown  in  the  diagram. 

In  this  way  the  optical  image  has 
been  •  converted  into  an  electrical 
image,  which  in  turn  has  been 
focused  on  the  scanning  target  at 
the  far  end  of  the  tube.  The  target 
is  a  semiconductor  made  of  a  sheet 
of  mica  coated  thinly  with  metallic 
cesium.  The  electrons  from  the 
photocathode  form  an  electrical 
image  on  this  target  corresponding 
to  the  optical  image.  The  target  is 
then  scanned  by  a  beam  of  electrons 
from  an  electron  gun  in  the  arm  of 
the  tube.  This  beam  is  magnetic¬ 
ally  focused  to  a  spot  whose  size 
determines  the  resolution  of  the 
tube,  and  is  magnetically  scanned 
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deflecting  coil 


Because  image  target  has  no  mosaic,  reso¬ 
lution  is  only  limited  theoretically  by  focus 
of  scanning  beam 


over  the  image  on  the  target. 
With  a  beam’  0.10  millimeter  in 
diameter  it  is  possible  to  obtain 
a  definition  of  400  lines  using  an 
80  square  millimeter  target.  Higher 
resolutions  are  obtained  by  finer 
focusing. 

The  beam  is  charged  to  the  same 
potential  as  the  target.  As  it 
reaches  the  target,  electrons  are  de¬ 
flected  from  it  in  proportion  to  the 
surface  charge  of  the  target.  These 


deflected  electrons  are  picked  up  b) 
an  anode  on  the  surface  of  the  tub< 
producing  the  output  signal,  which 
is  amplified  externally.  The  unde¬ 
flected  portion  of  the  beam  momen¬ 
tarily  erases  the  target  image. 


The  Miller  F-M  Circuit  and 
It8  Use  in  Railroad  Radios 
By  P.  L.  Bargellini 

Florence,  Italy 

The  increasing  development  of 
communication  systems  using  fre¬ 
quency  or  phase  modulation  has 
stimulated  the  invention  of  several 
forms  of  modulators.  In  practical 
use  these  modulators  suffer  from 
poor  carrier  stability  or  great  com¬ 
plexity  in  their  stabilizing  circuits, 
and  limited  ranges  of  linearity.  Be¬ 
cause  of  inadequacies  in  the  react¬ 
ance-tube  modulators  being  used  in 
experiments  with  railroad  radio¬ 
phones,  especially  microphonics  in 
the  reactance  tube,  another  type  of 
frequency  modulation  circuit  was 
devised. 

y,Uler-Effect  Modulator 

Important  properties  of  a  fre¬ 
quency  modulator  are;  (1)  iner¬ 
tialess  linear  frequency  controlling 
element,  (2)  simple  production  and 
injection  of  voltage  for  stabilizing 
carrier  frequency,  and  (3)  stability 
in  the  presence  of  mechanical 
vibration.  Requirement  (1)  calls 
for  an  electronic  modulating  ele¬ 
ment  of  considerable  simplicity. 
(The  reactance  tube  suffers  from 
the  fact  that  it  can  never  be  a  pure 
reactance,  always  having  some 
residual  resistance.)  Requirement 
(2)  is  more  simply  satisfied  if  the 
frequency  modulation  is  produced 
directly  rather  than  indirectly  as  in 
some  systems.  A  triode  more  ade¬ 
quately  fills  requirement  (3)  than 
a  multigrid  tube. 

The  means  taken  to  meet  these 
requirements  is  shown  in  Fig.  lA. 
By  it,  a  pure  reactance  can  be  in¬ 
jected  into  the  oscillatory  circuit. 
The  quadrature  current  is  simply 
obtained  from  the  grid-cathode 
space  current  of  a  triode  that  is 
excited  by  the  controlled  resonant 
L-C  circuit  and  that  has  a  purely 
resistive  load.  Analysis  of  the  cir- 

(continued  on  p  116) 

October,  1944— ELECTRONICS 


4^ 


8f«rial  t'V 
silver  layer 
gives  iow'ioes 
kigh  eoaduetivity 
eleetrode 
earfaoes 


Oetifns  ref  ittered  U.S.A..  U.K.  and  other  territories. 


Speeial 
eenunio  body 
gives  low  losim 
uader  B  J. 
load 


.  U.I.C.  of  England,  pioneers  in  the  manufacture  of 
^  Ceramic  Transmitter  Capacitors,  are  foremost 
V  in  the  application  of  aerodynamic  principles  to 
capacitor  design.  The  new  aerodynamic  shape 
of  U.I.C.  “  Hi-Load  ”  Capacitors  gives  optimum 
cooling  in  still  air.  With  forced  draught  their 
high  R.F.  ratings  can  be  multiplied.  All  three 
types  of  mounting  assist  cooling  and  cater  for  a 
variety  of  applications,  such  as  single  stand-off 
tag  fitting,  parallel  and  series  banking  for  very 
large  powers,  and  lead-through  tyj)es  for 
anode  by-pass. 


Tag  aleetrode 
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silver  layer  gives 
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NEW  PRODUCTS 


Edited  by  A.  A.  McKENZIE 


New  equipment,  components,  tubes,  testing  appa¬ 
ratus  and  products  closely  allied  to  the  electronics 
field.  A  review  of  catalogs,  handbooks,  technical 
bulletins  and  other  manufacturers’  literature 


are  available.  Type  10034  is  a 
large  rectangular  unit  with  sliding 
hub  designed  for  universal  use  with 
any  television  tube.  A  smaller  spool 
type  10748  is  recommended  for 
tubes  smaller  than  10  inches  where 
space  is  at  a  premium. 


Polystyrene  Capacitors 

Solar  Mfg.  Corp.,  1445  Hudson 
Blvd.,  North  Bergen,  N.  J.,  now 
has  available  a  complete  line  of 
polystyrene-film  dielectric  capaci¬ 
tors.  Typical  applications  include 
timing  and  integrating  circuit  ca¬ 
pacitors,  r-f  padding  capacitors 


F-M  Tape  Recorder 

Ampex  Electric  Corp.,  125  How¬ 
ard  Ave.,  San  Carlos,  Calif.  De- 


tenna  gives  conical  performance 
without  the  bulk  of  solid  spinnings. 
It  features  gain,  bandwidth  and 
resolution. 


and  coupling  capacitors  in  ex¬ 
tremely  high-gain  amplifiers.  Com¬ 
plete  list  of  standard  ratings  is 
given  in  catalog  bulletin  SPD  600. 


Impedance  Meters 

Sperry  Gyroscope  Co.,  Great  Neck, 
N.  Y.,  announces  a  series  of  nine 
instruments  for  determining  im¬ 
pedance  by  measuring  standing 
wave  ratios  and  node  positions  in 
microwave  transmission  lines. 


Klystrons 

A 

Radio  Corp.  of  America,  Harrison, 
N.  J.  First  of  a  line  of  Klystron 
tubes  for  use  in  microwave  relay 


signed  expressly  for  f-m  broadcast 
service,  the  new  Ampex  tape  re¬ 
corder  has  a  response  within  plus 
or  minus  1  db  between  30  and  15,- 
000  cycles  as  well  as  other  features 
designed  for  broadcast  facility. 
Tape  speed  is  30  inches  per  second 
and  the  unit  has  a  time  capacity  of 
35  minutes. 


They  can  also  measure  relative 
power,  attenuation  and  wavelength 
in  the  line.  Accuracy  is  2  percent 
for  650  to  40,000  me.  Catalog  sheets 
are  available. 


equipment  are  types  2K26  and 
2K25.  These  tubes  can  be  used  both 
for  transmission  and  reception, 
serving  as  local  oscillator  in  the 
latter  service. 


Keyboard  Oscillator 

Weinschel  Engineering  Co.,  Dept. 
E,  123  William  St.,  New  York  7, 
N.  Y.  This  stable  oscillator  with 
low  distortion  is  of  the  resistance- 
tuned  type  using  negative  feed¬ 
back.  Pushbuttons  on  the  panel  pro¬ 
vide  frequency  variation.  The  unit 


Molded  Transformer  Cores 

Stackpole  Carbon  Co.,  St.  Mary’s 
Pa.  Cores  are  available  for  hori¬ 
zontal  deflection  and  flyback  trans¬ 
formers.  Two  standard  types 


Conical  Antenna 

Telrex  Inc.,  26  Neptune  Highway, 
Asbury  Park,  N.  J.  Model  4XTV  an- 
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degrees.  Level  of  the  fundamental 
and  of  each  of  the  harmonics  is  in¬ 
dependently  variable. 


wind.  ,  It  is  equipped  with  an  8-inch 
speaker  and  an  oversize  motor  with 
high  inertia  flywheel.  Motor  drive 
and  capstan  operate  continuously 
so  that  tape  starts  and  stops  instan¬ 
taneously. 


Rodent  Control 

LFC  CORP.,  65  Broad  St.,  Rochester 
4,  N.  Y.  The  Guard  consists  of  a 
metal  case  housing  a  framework 
that  supports  electronic  unit,  motor 
for  driving  the  electrocuting  arms, 
mirrors  for  the  light  system,  and 
other  components.’  In  action,  the 
unit  is  placed  over  a  rat  run  and  is 
actuated  by  breaking  of  a  light 
beam  by  a  passing  animal.  It  is 


Electronic  Thermostat 

Spencer-Kennedy  Labs.,  Inc.,  10 
Follen  St.,  Cambridge,  Mass.  Model 
400A  bridge-controlled  thyratron 
thermostat  is  designed  for  use  with 
furnaces,  molds,  chemical  baths, 
ovens,  and  similar  devices.  Two 
types  of  control  are  possible,  by 
means  of  a  resistance  thermometer. 


can  be  used  as  a  signal  source  for 
distortion  or  bridge  measurements, 
and  also  as  an  interpolation  oscil¬ 
lator.  Frequency  range  is  from  1 
cycle  to  100  kc. 


Capacitance  Bridge 

General  Radio  Co.,  275  Massachu¬ 
setts  Ave.,  Cambridge  39,  Mass. 
Type  1611-A  capacitance  test  bridge 
measures  over  the  range  1  [i|if  to 
10,000  (if.  Accuracy  of  ±  (1  per¬ 
cent  -f  1  Dissipation  factor 

range  is  0  to  60  percent.  Frequency 


or  by  change  of  resistance  of  the 
heater  Winding  itself.  Tempera¬ 
tures  from  20  to  1,200  C  can  be 
maintained  to  an  accuracy  of  plus 
or  minus  0.1  C  when  a  resistance 
thermometer  is  used. 


gently  squeezed,  electrocuted,  and 
ejected  to  the  side.  Total  death 
cycle  is  about  2i  minutes. 


W  Visual  Alignment  Generator 

Philco'  Corp.,  Philadelphia,  Pa., 
Model  7008  is  a  new  visual  align¬ 
ment  generator  equipped  with  crys¬ 
tal-diode  high-frequency  probe  for 
use  in  examining  the  response  curve 
of  individual  stages  arid  the  4.5  me 
video  trap.  It  can  also  be  used  to 
obtain  correct  termination  of  r-f 
transmission  lines  or  measure 
of  the  test  voltage  is  60  cycles.  A  standing  wave  ratio, 

feature  of  the  bridge  is  the  zero-  ^  ' 

compensating  circuit  that  balances 
out  the  initial  capacitance  and  dis¬ 
sipation  factor  at  zero  setting  of 
the  dials. 


Projection  System 

Radio  Corp.  of  America,  Camden, 
N.  J.  Model  TLS-86  is  a  reflective 
optical  projection  system  employ¬ 
ing  an  all-electronic  tuning  system. 


Portable  Tape  Recorder 

Webster  Electric  Co.,  Racine,  Wis¬ 
consin.  The  Ekotape  recorder  and 
reproducer  usfes  magnetic  tape  with 
a  fast  forward  speed  and  fast  re- 


Life-size  pictures  for  large  audi¬ 
ences  are  then  projected  either  on 
a  reflective-surfaced  opaque  screen 
or  on  a  translucent  screen. 


Variable  Waveform 
Generator 

Centro  Research  Laboratories, 
Briarcliff,  N.  Y.  The  variable  wave¬ 
form  generator  is  an  audio  genera¬ 
tor  whose  output  waveform  is  built 
up  by  addition  of  a  fundamental 
wave  and  four  sequential. harmon¬ 
ics.  The  harmonics  are  precisely 
synchronized  and  variable  over  360 


Television  Signals 

Telequip  Radio  Co.,  1901  South 
Washtenaw  Ave.,  Chicago  8,  Ill.  A 
combination  sync  generator,  mono- 

(Continued  on  p  206) 
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Audio  Devices,  Inc.,  444  Madison  Ave.,  N.Y.  C. 

Export  Dept;  Rocke  International,  13  East  40th  Street,  New  York  16.  N.  Y, 
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Audiodiscs  are  manufactured  in  the  U.S.A.  under  exclusive  license  from  PYRAL,  S.A.R.L.,  Paris. 


Cl  St^xJbunenl  On  Ouh  (pAicc  fioikt^ 


As  of  September  Ist,  aluminum  prices  are 
again  increeised.  This  means  higher  cost  for  the 
principal  raw  material  used  in  the  manufacture 
of  AUDIODISCS.  In  fact,  the  cost  of  the 
aluminum  base  has  always  been  the  main  item 
in  the  cost  of  production.  Thus,  any  increase  in 
aluminum  prices  is  of  major  importance. 

But  beyond  the  cost  of  raw  materials  and 
labor  there  is  a  basic  factor  which  determines  the 
cost  of  manufacturing  professional  recording 
discs.  TWs  factor  is  the  extent  to  which  the 
particular  process  of  manufacture  enables  the 
producer  to  turn  out  a  large  proportion  of  first 
quality  discs.  There  are  several  methods  of 
production  used.  None  of  these  will  give  anything 
like  a  100%  yield.  It  is,  however,  obvious  that 
as  the  percentage  of  yield  increases  there  is  a 
resulting  drop  in  the  average  cost  of  aluminum, 
lacquer  and  labor. 


•tt  — 


Fortunately,  our  patented,  precision-machine 
process — now  used  for  over  a  decade  and  con¬ 
tinuously  improved— gives  a  more  consistent 
yield  of  high  quality  discs  than  any  method  of 
production  now  used.  And  we  have  tested  every 
other  process  in  use. 


So  our  position  with  respect  to  the  present 
increase  in  aluminum  prices  is  this: 


1.  We  are  not  increasing  prices  of  AUDIODISCS 
as  of  September  1st. 


2.  We  shall  make  every  effort  to  absorb  this  new 
aluminum  price  raise  and  thus  continue  our 
prices  at  the  present  level.  Our  calculations 
indicate  that  with  some  improved  efficiency, 
now  under  way,  and  continued  large  volume 
production,  we  shall  be  successful  in  this  hold- 
the-price  effort. 


AND 


AUDIODISCS 


NEWS  OF  THE  INDUSTRY 


Edited  by  JOHN  MARKUS 


Australia’s  rural  radiophone;  course 
in  automatic  control;  radio  net  for 
India  planned;  radio  license  increase 


'for  j 

Flnol  detaUi  for  '  'nica 
tion  ar«  dUcuued  Howa^^^fvit) 

pratident  of  Triad*  amd^;^esi 

Coast  Eloctronics  Me  ^^{ors  pr^id%i|it, 
Robort  Im  Sink  (stonOi  .  Consoltdd^ 
Enginoorinq.  and  Coiit<  on  'cho^tnoc 
Loyd  Sigmon,  chiof  ongi  Y.ot-KraPC 


West  Coast  IRE  Convention 


The  program  of  technical  sessions 
of  the  IRE  West  Coast  Convention 
to  be  held  September  30  to  October 
2,  1948,  at  the  Hotel  Biltmore,  Los 
Angeles,  Calif.,  has  been  announced 
as  follows: 


1 :16  P.M.  to  4  :46  P.M.— Chairman— A.  R. 
Willson  of  Boeing  Aircraft  Company, 
Seattle : 

The  Outlook  for  Electronic  Computers, 
by  J.  Li.  Barnes  of  the  University  of  Cali¬ 
fornia  at  Lios  Angeles. 

Input  and  Output  Equipment  for  Elec¬ 
tronic  Computers,  by  C.  H.  Page  of  the 
Bureau  of  Standards. 

Electronic  Techniques  Applied  to  Ana¬ 
log  Methods  of  Computation,  by  D.  G. 
McCann,  C.  H.  Wilts,  and  B.  M.  Locanthi. 

Design  and  Use  of  the  Reevac,  a  Gen¬ 
eral  Purpose  Electronic  Digital  Computer ; 
by  Dr.  Herbert  Zagor  of  Reeves  Instru¬ 
ment  Corporation,  New  York  City. 

8:00  P.M.  to  10:30  P.M.— Audio  Sym¬ 
posium  —  Chairman  —  E.  S.  Naschke, 
Chairman  Sacramento  Section  IRE. 

Friday,  Oct  1 

9:00  A.M.  to  11:40  A.M. — Chairman — 
O.  A.  Steele,  Chairman  Portland  Section 
IRE: 

A  New  Type  of  Direct  Reading  R.  P. 


Phase  Meter  for  Low  Signals,  by 

M.  K.  Goldstein  of  Na'^tt  .  earch  Lab¬ 
oratory. 

The  Determination  of  Shunt  Re¬ 

sistance  of  Cavity  Resonal  by  Means 
of  an  EHectrical  Network  lalyzer,  by 
P.  W.  Schott  and  K.  R.  f  igenberg  of 
Stanford  University  . 

A  Method  of  Obtaining  .  Product  of 
Two  Voltages,  by  M.A.H.  E  iSald.  Paper 
presented  oy  D.  E.  Sinclair  of  Ctoneral 
Radio. 

Propagation  Measurefnents  at  iHlgh 
Radio  Frequencies  over  Flat  Deserf  Ter¬ 
rain,  by  J.  P.  Day  and  L.  C.  Trolese  of 
Naval  Electronics  Laboratory. 

2 :30  P.M.  to  5 :15  P.M. — Chairman — L.  E. 

Reu-tema  of  University  of  California, 


Thursday,  Sept.  30 

1 :00  P.M.  to  4  :46  P.M. — Chairman — 
Bernard  Walley  of  RCA  Victor,  Los 
Angeles ; 

A  Low  Cost  Program  Switching  System, 
by  I.  Gifford  and  A.  P.  Chesney  of 
Langevin. 

Antenna  Input  Systems  for  Television 
Receivers,  by  D.  E.  Foster  of  Hazeltine 
Research,  Inc.,  California. 

Operation  of  AM  Broadcast  Transmit¬ 
ters  into  Sharply  Tuned  Antenna  Systems, 
by  W.  H.  Doherty  of  Bell  Telephone  Lab¬ 
oratories,  Whlppany,  N.  J.  , 


RMA  Board  of  Directors  for  1948-1949 


i.  t/ CaHsm  W.  j.  C-  M.  M.  M.  C.  tatvy  f .  Hafdv  MbraM 

VtM  ^Tsiklsai  *  yim 

CliSiwss^.Tafcs  ♦4visi»a  ‘t  C<ia>»aN».  ts*  »tv«s»ssi 


M.  C.  loofif  W  A. 


Mu***  V  I. 
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RECEIVER  DISCRIMINATOR  DIAGRAM 


ro  AUDIO 


SYLVANIA 

GERMANIUM 

DIODES 


Xhe  Motorola  “Handie-Talkie”  unit  has  a  range 
in  excess  of  two  miles.  Yet  it  weighs  less  than  ten 
pounds;  overall  dimensions  are  only  KY'  hv 

12%"  by  3%". 

An  important  factor  in  the  smallness  and 
lightness  of  this  efficient  unit  is  the  use  of  two 
Sylvania  Germanium  Diodes  in  the  receiver 
discriminator  circuit.  These  diodes  not  only 
eliminate  extra  tubes,  but,  by  reducing  current 
drain,  permit  the  use  of  smaller,  lighter  batter¬ 
ies.  Motorola’s  own  estimate  of  the  difference  if 
tubes  were,  used  instead:  10%  increase  in  size, 
15  to  20%  in  weight! 

Perhaps  you  too,  like  Motorola  and  many 
others,  can  simplify  the  design  of  your  equip¬ 
ment— or  improve  its  performance  — through 
the  use  of  Sylvania  Germanium  Diodes.  Start 
your  planning  by  getting  our  literature. 


Sylvania  EUctric  Products 
Eloctrenics  Division,  Dopt. 

500  Fifth  Avonuo,  Now  York  18,  N.  Y. 

Gentlemen: 

Please  send  me  your  literature  on  Germanium  Diodes  and 
Duo-diodes,  including  the  new  series  of  Engineering  News 
Letters  showing  their  applications  in  television  circuits. 

I  am  also  interested  in  receiving  literature  covering  applica¬ 
tions  of  your  other  products  in  the  field  of  ( check  one ) : 
n  Communications  Q  Radar  and  Microwaves 

E]  Radioactivity  Q  Industrial  Electronics 


Position. 


F.lertrnnics  Itivision,  500  Fifth  Avenue,  yew  York  IH,  /V.  V,  |  Company. 
ELECTRONIC  DEVICES;  RADIO  TUBES;  CATHODE  RAY  TUBES;  PHOTOLAMPS;  I  „  * 

FLUORESCENT  LAMPS,  FIXTURES,  WIRING  DEVICES;  ELECTRIC  LIGHT  BULBS  !  Street  Ad 
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Berkeley,  Chairman  San  Francisco  Sec¬ 
tion  IRS: 


Signal  to  Noise  Ratios  of  Linear  De- 
tectora  by  R.  H.  DeLano  of  Hashes  Air¬ 
craft  Co. 

A  Mass  Spectrometer  Designed  for  In¬ 
dustrial  Use,  by  C.  SI  Berry,  R  L.  Sink, 
and  Carl  Spaulding  of  Consolidated  Engi¬ 
neering  Corp. 

Problems  in  the  Design  of  Megawatt 
Output  Klystrons  for  Pulsed  Operation, 
by  Marvin  Choderow  and  SI.  L.  Ofnzton  of 
Stanford  University. 

Application  of  Microwave  Spectroscopy 
to  Determination  of  interatomic  Distances 
in  Molecules,  by  D.  K.  Coles  of  Westing- 
house  Research  Laboratory. 


of  Mining  and  Metallurgical 
Engineers,  Hotel  Adelphia, 
Philadelphia. 

Oct.  25-29:  National  Metal  Ex¬ 
position,  Commercial  Museum 
and  Convention  Hall,  Phila. 

Oct.  25-29:  Annual  Convention, 
American  Welding  Society, 
Bellevue-Stratford  Hotel, 
Philadelphia. 

Oct.  25-29:  64th  semiannual 
convention.  Society  of  Motion 
Picture  Engineers,  Hotel 
Statler,  Washington,  D.  C. 

Oct.  27-28:  Annual  Convention, 
Society  for  Non-Destructive 
Testing,  Hotel  Adelphia,  Phil¬ 
adelphia. 

Nov,  4-6:  National  Electronics 
Conference,  Edgewater  Beach 
Hotel,  Chicago. 

Nov.  8-10:  Twentieth  Rochester 
Fall  Meeting  of  members  of 
IRE  and  RMA  Engineering 
Dept.,  Sheraton  Hotel,  Roch¬ 
ester,  N.  Y. 

Nov.  29-Dec.  1:  Conference  on 
electronic  instrumentation  in 
nucleonics  and  medicine,  spon¬ 
sored  by  IRE  and  AIEE,  En¬ 
gineering  Societies  Building, 
New  York  City. 

Noy.  29-Dec.  4:  18th  National 
Exposition  of  Power  and  Me¬ 
chanical  Engineering,  Grand 
Central  Palace,  New  York. 


Sept.  27-29:  FM  Association 
Second  Annual  Convention, 
Sheraton  Hotel,  Chicago,  Ill. 

Sept.  27-Oct.  1:  Third  National 
Plastics  Exposition,  Grand 
Central  Palace,  New  York. 

Sept.  30-Oct.  2:  Pacific  Elec¬ 
tronic  Exhibition  and  IRE 
west  coast  Annual  Conven- 

,  tion,  Biltmore  Hotel,  Los  An¬ 
geles,  Calif. 

Oct.  4-7:  53rd  annual  meeting 
of  International  Municipal 
Signal  Assn.,  Inc.,  Hotel 
Statler,  Buffalo,  N.  Y. 

Oct.  5-7:  AIEE  Middle-Eastern 
District  Meeting,  Washington, 
D.  C. 

Oct.  7-9:  Second  joint  meeting, 
URSI  and  IRE,  National  Bu¬ 
reau  of  Standards,  Washing¬ 
ton,  D.  C. 

Oct.  12-16:  Fifth  National 
Chemical  Exposition,  Coli¬ 
seum,  Chicago,  Ill. 

Oct.  18-22:  AIEE  Midwest  Fall 
General  Meeting,  Hotel 
Schroeder,  Milwaukee,  Wis¬ 
consin. 

Oct.  23-29:  Annual  convention, 
American  Society  for  Metals, 
Benjamin  FranWin  Hotel, 
Philadelphia. 

Oct.  25-28:  Annual  Fall  meet¬ 
ing  of  the  Institute  of  Metals, 
Division  American  Institute 


Saturday,  Oct.  2 

9:00  A.M.  to  12:00  Noon — Chairman — 

C.  N.  Tlrrell,  Naval  Electronics  Labora¬ 
tory,  San  Diegro;  Chairman  San  Dieero 

Section  IRE: 

Systems  Engineering  Aspects  in  Mili¬ 
tary  Communications,  by  w.  S.  Marks  of 
U.  S.  Signal  Corps  Laboratories.  Fort 
Monmouth. 

The  V.H.P.  Omnidirectional  Range,  by 
C.A.A.  Radio  Development  Division  rep¬ 
resentative,  R.  E.  McCorpiack. 

Design  of  a  Radar  Set  for  Commercial 
Airlines,  by  P.  G.  Suffleld,  consulting  engi¬ 
neer. 

Design  of  Antennas  for  Optimum  Di¬ 
rectivity,  by  T.  T.  Taylor  of  Hughes  Air¬ 
craft  Co. 

Band  Width  Reduction  in  Communica¬ 
tion  Systems,  by  W.  G.  Tuller  of  Melpar, 
Ina 


Television  for  Australia 

Television  isn’t  quite  Down  Under 
yet.  The  Commonwealth  Postmas¬ 
ter  General  has  invited  bids  for  two 
experimental  television  transmit¬ 
ters,  one  each  for  Sydney  and  Mel¬ 
bourne.  These  would  bring  a  third 
of  Australia’s  population  within 
line  of  sight. 

A  home  tefevision  set  with  a  9- 
inch  screen  could  be  produced  by 
Philips’  Australian  branch  plant  in 
about  a  year  for  $325,  a  spokesman 
of  the  company  stated.  But  before 
the  sets  can  be  built,  the  govern¬ 
ment  must  promulgate  transmission 
standards.* 

There  is  every  indication  that 
both  television  and  f-m  are  to  be  a 
state  monopoly;  a-m  radio  is  not 
completely  nationalized  yet,  and  a 
large  number  of  commercial  sta¬ 
tions  remain  in  operation. 


PLASTIC  BOMBPROOF  FOR  VIDEO 


Short-Wave  System 
for  East  Africa 

Construction  work  has  begun  on 
the  first  of  48  Marconi  shortwave 
transmitters  to  be  installed  in  East 
Africa  to  provide  ground-to-air 

(Continued  on  p  258) 


This  7  X  8-it  slab  oi  Plexiglas  was  recently  installed  by  the  Cadillac  Plastic  Co.  oi 
Detroit  at  Briggs  Stadium  in  that  city  as  a  protection  ior  television  equipment.  The 
V^-indi  sheet  will  offset  the  impact  of  o  9-ounce  ball  travelling  at  over  100  miles  per 
hour,  according  to  researchers  at  Rohm  &  Hoas  Co.,  Philadelphia,  makers  of  Plexiglas 
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lUDIO  TRANSFORMERS 
4  I  IH  I  FRIOttlHCY  RtNCES 


lU'U 


cfituft/p/e 
/tefr  /f/te 


Public  Address  Range 


50  to  1 0/000  CycleS/  frequency  re¬ 
sponse  within  ±  >72  db  up  to  10  watts 
of  power,  within  ±  Idb  over  10  watts, 
throughout  this  range.  Secondary  im¬ 
pedances  match  600  and  150-ohm  lines, 
16,  8  and  4-ohm  reproducing  systems. 
Listed  are  Driver  and  Output  Trans¬ 
formers.  Sealed  in  Steel  construction, 
flange  mounting,  w’ith  solder  lugs  or 
wire  leads. 


Communications  Range 


Full  Frequency  Range 


200  to  3/500  Cycles,  affords  response 
with  variations  not  exceeding  ±  1  db 
over  the  range  of  voice  frequencies.  For 
use  with  600  or  150-ohm  lines.  Input, 
Output,  Driver  and  Modulation  Trans- 
formers  offered.  Sealed  in  Steel  con¬ 
struction,  flange  mounting,  with  wire  - 
leads  or  solder  lugs. 


30  to  1  5/000  CycleS/  provides  uni¬ 
form  response  over  this  entire  band  with 
±  1/2  db  up  to  10  watts  of  audio  power, 
within  ±  1  db  over  10  watts.  Standard 
RMA  impedances.  Hum  balancing  coil 
structures  and  nickel  alloy  shielding.  ^ 
Included  are  Input,  Output,  Driver,  and 
Modulation  Transformers;  Modulation 
Reactors.  Sealed  in  Steel  construction,  - 
stud  mounting,  with  pin-type  terminals.  \ 
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BASIC 

DESIGNS 

IN 
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CONTROLS 

ARE 

RESULT- 

ENGINEERED 

FOR 


Oniqiie  design  and  spring  suspension  prevent 


it  in  this  Ward  Leonard  Relay 

The  generous  wipe  imparted  to  the  con 


tacts  of  Ward  Leonard  Heavy  Duty  (105) 


Relay  by  its  unique  design  and  spring 


suspension,  results  in  freedom  from  con 


tact  "freezing”  or  welding. 


This  mighty  midget  will  perform  motor 


starting  functions  ordinarily  assigned  to 


larger  relays. 


Ward  Leonard  relays  are  "Result-En 


gineered”.  By  modifying  a  basic  desig 


Ward  Leonard  can  give  you  the  results  of 


a  special . . .  for  the  price  qf  a  standard. 


Write  for  Relay  Catalog.  Ward  Leonard  Elec 


trie  Co.,  31  South  St.,  Mount  Vernon,  N.  Y. 


Offices  in  principal  cities  of  U.  S.  and  Canada. 


WARD  LEONARD 

ELECTRIC  COMPtNT 

RESISTORS  .  RHEOSTATS  •  RELAYS  •  CONTROL  DEVICES 


TUBES  AT  WORK 
(continued  from  p  126) 

control,  a  direct  current  is  fed  to 
an  auxiliary  coil  on  the  head  to 
buck  out  a  portion  of  the  earth’s 
field.  Thus  the  magnetometer  is 


FIG.  2 — Block  diagram  shows  how  pulses 
from  sensing  element  are  converted  into 
direct  current  and  led  to  the  recorder,  and 
how  a  balancing  current  is  obtained  to 
restrict  the  range  over  with  the  head  must 
operate 

called  upon  only  to  measure  the 
small  unbalanced  field.  This  buck¬ 
ing  current  is  obtained  automati¬ 
cally  by  a  stepping  switch  actuated 
by  the  recording  galvanometer  as 
it  reaches  the  end  of  its  scale, 
shown  in  Fig.  2. 

It  is  necessary  that  the  sensing 
element  be  always  oriented  parallel 
to  the  earth’s  field  for  the  record¬ 
ings  to  have  significance.  This  posi¬ 
tioning  is  accomplished  by  a  pair  of 
orienting  servos  driving  gimbals 
that  are  at  right  angles  to  each 
other.  The  sensing  element  is 
mounted  on  these  gimbals. 

Two  auxiliary  sensing  elements 
can  be  used  to  detect  thte  orienta¬ 
tion  of  the  earth’s  field.  If  the  out¬ 
put  from  one  of  these  auxiliary 
units  is  zero,  it  must  necessarily  be 
perpendicular  to  the  earth’s  field. 
Thus  these  units  are  mounted  mu¬ 
tually  perpendicular  to  the  sensing 
unit.  The  servo  motors  drive  the 
auxiliary  units  to  the  positions  at 
which  their  outputs  vanish,  thus 
placing  the  sensing  unit  parallel  to 
the  field.  To  avoid  difficulties  from 
the  aircraft’s  magnetic  field,  the 
sensing  element  and  its  associated 
orienting  mechanism  are  housed  in 
a  bomb-shaped  “bird”  that  is  low¬ 
ered  by  its  connecting  cable  to 
about  65  feet  from  the  plane.  The 
measuring  and  controlling  circuits 
and  recorder  are  carried  in  the 
cabin. 

Reconnaissance  Technique 

Airborne  magnetometers  are  cal¬ 
ibrated  at  the  laboratory  and  sent 
out  to  the  field  to  be  used  in  locat¬ 
ing  areas  that  can  be  expected  to 
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Tniarc  saves  5  minutes,  9  cents  in  materials 
per  unit  without  re-design  of  electric  senders 


OLD  WAY 

Special  V*"  cap  screw  and  V4-28  iibre-insert 
nut  bolds  idler  arm  and  pulley  assembly  on 
Model  A3  “Take-About"  Sander,  Porter- 
Cable  Machine  Company. 


Simple  Vt"  C.R.  shait,  grooved  in  automatic  screw  machine,  equipped 
with  Waldes  Truarc  Retaining  Hings.  Bowed  external  ring  (^5101-25) 
at  top  exerts  resilient  pressure  taken  up  by  Standard  external  ring 
(ifS100-2S)  at  bottom.  Assembly  is  secure  against  vibration,  can  be 
easily  taken  apart  and  re-installed  many  times  with  same  Truarc  rings. 


Every  sander  through  the  production  lines  costs  9 
cents  less  for  materials,  requires  5  minutes  less  labor 
—with  just  the  simple  change  from  cop  screw  and  nut 
to  Waldes  Truarc  rings  by  Porter-Cable  Machine 
Company,  Syracuse,  New  York.  The  change  to  Truarc 
required  no  new  design,  no  alterations  in  castings, 
but  just  the  reappraisal  of  old  methods. 

Truarc  can  help  you  cut  costs  and  increase  produc¬ 


tion,  too.  Wherever  you  use  machined  shoulders,  nuts,' 
bolts,  snap  rings,  cotter  pins— there’s  a  Truarc  ring 
that  does  a  better  job  of  holding  parts  together.  All 
Waldes  Truarc  Retaining  Rings  are  precision  engi¬ 
neered,  remain  always  circular  to  give  a  never-fail¬ 
ing  grip. 

Send  us  your  drawings.  Waldes  Truarc  engineers 
will  be  glad  to  show  how  Truarc  can  help  you. 


Waldes  Kohlaoor.  Inc..  47-10  Austel  Place  E-lO 
Long  Island  City  1,  N.  Y. 

Please  send  28-page  Data  Book  on  Waldes  Truarc 
Retaining  Rings. 


RETAINING  RINGS 


WALDES  KOHINOOR,  INC.,  LONG  ISLAND  CITY  1,  NEW  YORK 
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TUBES  AT  WORK  (continjed) 

contain  oil-bearing  strata.  A  flight 
creAy  surveys  a  region  by  flying  a 
grid  pattern  consisting  of  flights 
about  75  miles  long  and  a  mile  or 
so  apart.  The  pilot  flies  the  plane 
back  and  forth  along  such  a  grid, 
keeping  accurately  on  course  by 
means  of  two  transportable  shoran 
stations.  The  flight  director  aboard 
the  craft  constantly  checks  the 
shoran  indications  so  that  later,  in 
plotting  the  measurements  on  a 
map,  they  can  be  accurately  located. 
To  further  correlate  the  plane’s 
position  with  ground  position,  a 
continuous  strip  film  picture  of  the 
terrain  is  made  so  that  land  marks 
can  be  readily  identifled.  The 
shoran  indications,  strip  film  and 
magnetometer  recordings  are  all 
correlated  by  recording  identical  se¬ 
rial  numbers  at  each  position  at 
regular  intervals. 

Later  the  measurements  are 
transferred  to  maps  thus  forming 
magnetic  profiles  of  the  district.  On 
the  assumption  that  the  magnetic 
fluctuations  that  have  been  ob¬ 
served  are  caused  by  changes  in  the 
depth  of  the  igneous  bed  (or  base¬ 
ment)  rock,  the  geologist  predicts 
in  what  places  domed  formations 
likely  to  contain  oil  will  be  found. 
Of  course  other  magnetic  disturb¬ 
ances  might  have  produced  the  ob¬ 
served  contours.  The  know-how  of 
geologists  consists  in  recognizing 
the  characteristics  of  the  different 
factors  that  influence  the  slight 
local  field  contours. 

Once  a  region  has  been  located 
that  appears  a  likely  prospecting 
area,  seismographic  parties  make 
detailed  examinations  to  verify  the 
inferences.  These  two  techniques, 
magnetometer  and  seismograph 
surveying,  relying  heavily  on  elec¬ 
tronics,  are  proving  extremely  val¬ 
uable  in  the  race  to  find  oil  as  fast 
as  it  is  being  consumed. 


lOHOOR^^* 


Gives  Maximum  Reproduction  of 
Micro-Groove  Record  Fidelity 

The  Shure  “9(X)MG”  Pickup  is  an  ideal  instru¬ 
ment  for  tracking  on  the  new  micro -groove 
records.  It  tracks  at  7  grams  .  .  .  has  a  needle 
force  of  9  grams  as  added  safety  factor  .  .  .  uses 
a  special  offset  osmium -tipped  needle  with  a 
point  radius  of  only  .001*' .  .  .  and  has  an  output 
of  1  volt!  The  Shure  lejirer  systeili  has  been 
adapted  in  the  development  of  this  new  pickup 
—providing  a  high  needle  compliance.  Listen  to 
it— you  will  be  thrilled  with  the  results! 


RPM  Counter 

Turbine  components  for  new  jet 
engines  are  whirled  at  close  to 
100,000  rpm  and  in  temperature 
of  1,750  degrees  F  at  Boeing  Air¬ 
plane  Co.  propulsion  laboratory  in 
proving  jet  engines  under  develop¬ 
ment. 

An  electronic  rpm  counter  meas¬ 
ures  the  speed  of  the  wheel  as  it 
spins.  One  end  of  the  spinning 


Model  ''900MG”  Coda:  RUZUZ  Lift  Price:  $12.50 


Shure  Pofairtf  luued  and  Funding,  licofuad  undur  tha  Pofenft  of  the  Bru$h  Duvalopmunt  Co. 


Microphones  and  Acoustic  Devices 

225  W.  HURON  ST.,  CHICAGO  10,  ILL.  •  CASLI  ADDRISSt  SHUREMICRO 
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—  there^s  an  MIVIERIRAN 
for  every  electronic  application 


AmerTran 


A  .UNO  S)NCf  1^'  Ar  NfVVAtK-  H  J 


PERHAPS  your  transformer  problem 
calls  for  design  and  development.  Maybe 
you  require  large  transformers  in  small 
quantities.  Or  possibly  you’d  like  to  ob¬ 
tain  the  benefits  of  mass  production  and 
need  transformers  in  large  quantities. 


No  matter  what  your  transformer  re¬ 
quirements,.  you  will  find  AmerTran 
engineers  can  solve  them— efficiently  and 
economically. 


Liquid  kmtfnud  Pfat*  Trcmsfornwrs— AmarTraii  ail 
aad  Abastal  immarsaii,  far  iadaar  oad  aatdaar  sanrica— 
pratisa  avarvahaga  pretactiaa  by  maaat  al  bashiag 
maaatad  sphara  gaps. 


In  almost  half  a  century  ot  spff^iza- 
tion,  we  have  acquired  a  ’’know-hctlr” 
and  “can  do”  which  are  unsurpassed  in 
the  transformer  industry.  T3rpical  appli¬ 
cations  of  this  background  are  the  trans¬ 
formers  shown  on  this  page. 


“W”  Dry-Typu  Transmhtmr 
CdmponMits— Ecaoamical  sail- 
ceolad  traasfarmars  oad  raactars 
—far  mara  affiriaat  ractifiar 
aparatiaa. 


Our  experience  is  ready  and  waiting  to 
go  to  work  on  your  transformer  problem. 
Call  in  AmerTran  today  to  tell  you  how 
we  can  give  you  the  transformers  you 
need  .  .  .  when  you  need  them  ...  at 
prices  made  possible  only  by  real  manu¬ 
facturing  efficiency 


Hurmtically  Sutdud  Trans- 
Pomwrs— Highly  rasistaat  ta  mais- 
tara,  shack,  prassara  aod  tampara- 
tara  variatiaa.  EHhar  liqaid-im- 
marsad  ar  campaaad  fillad. 


AMERICAH  TRANSFORMER  COMPANY 

178  EMMET  STREET  •  NEWARK  5,  N.  J. 


7ran$M  Typu  TH  for  .3  fo  30  IfVA-Maaaally  ap- 
arotad  ox  valtaga  ragalatar  pravidiag  arclass,  staplass 
caatral.  trash  track  aa  call  paripkary  whara  M  may  ha 
baodad  la  iasara  traabla-fraa  aparatiaa  aodar  axactiag 
caoditiaas  af  sarvica. 


Pionaar  Manwfacturara  af  Tran^Mlnara,  Raactars  and 
RaalHIars  far  nadrankt  and  Pawar  Tronsmtsslan 
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'rofeislonai  techniques  and  years 


Engineers  and  manufacturers  will 


Over  20  years  of  fabricating  experience 


whitinI 


KfCOROffiS 


Galvanometer  available 


separately  If  desired 


While  designed  pri¬ 
marily  for  use  in 
the  Sanborn  direct- 
writing  electrocardio¬ 
graph  (the  Viso-Card- 
iette)  this  assembly  (or 
the  galvanometer 
alone,  if  desired)  hu 
sufficient  potential  val¬ 
ue  for  varied  industrial 
applications  to  warrant 
this  announcement  of  | 
availability  for  non-  : 
medical  uses. 


In  the  development  stage  are  other  Sanborn 
"medical  recording”  instruments  which  have  ap¬ 
parent  industrial  applications.  These  include  an 
Electromanometer  for  direct  measurement  of 
"pressures”,  and  several  models  of  multi-channel 
(2  to  6)  recorders,  both  direct  recording  and 
photographic. 


INDUSTR  AL  D  VISION 


SANBORN  COMPANY 

39  Osborn  St. 

Cambricdge  39,  Massachusetts 


The  complete  unit  il¬ 
lustrated  comprises 
the  galvanometer  and 
writing  arm,  with  av 
sociated  paper  drive 
(No.572M-500).The 
galvanometer  and 
writing  arm  are  available  as  a  separate  unit  (No. 
972M  — 300).  Recording  styli  available  in  two 
types;  fine  line  writing  approximately  1/3  mm; 
wide  line  writing  approximately  1  mm.  Record¬ 
ing  paper  can  be  furnished  in  200  ft  rolls,  6  cm 
wide  (No.  572-737-P3). 

TABLE  OF  CONSTANTS 


Sansilivity . 10  ma/l  cm. 

Coil  raiiitonce  .  .  3,000  ohms,  confer  lapped  for 

pu>h-pull  operation. 

Critical  damping  retiitonco .  500  ohms. 

Undamped  fundamental  frequency  .  .  45  cyclosAoc. 

Stylus  heater  requires  from  external  source  .  1.25  volts, 

3.5  amps,  AC  or  DC 

Maximum  undistortad  deflection  3.5  cm.  each  way 
from  center 

Marker  requires  from  external  source  1.35  volts,  at 

1.5  amps,  AC  or  DC 

Paper  speed . 35  mm/sec. 

Chart  ruling . I  mm  intervals 


For  complete  information  write,  giving 
details  of  proposed  application  to 


BAKELITE  AND  FIBRE  FABRICATED  PARTS 
PUNCHING.  DRILLING.  MIUING.  AND  ENGRAVING 

•  BAKELITE  SHEETS,  RODS,  TUBES  • 

Mail  Us  Your  Prints  or  Samples  ior  Quotations 

ELECTRICAL  INSULATION  CO.,  INC. 

12  VESTRY  ST.  NEW  YORK  13,  N.  Y. 


•  PLASTIC  FABRICATING  • 


READY- 

TO’USE 


PMENT i 

HBQUIREMENT  1 


.  including  func>  i 
construction,  beautiful 
need  for  special  | 


PERMANENT 

Records 

• 

NO  INK 

e 

RECTILINEAR 

Writing 

a 

RUGGED 
Construction  * 
with 

EXTREMELY  HIGH 
to'xiue  movement 
(200,000  dyne  cms 
for  1  cm  deflection) 


tNSTRUMENTS  THAT  STAY  ACCURATE 


A  separate  scale 
far  every  range— 
automatically! 


rsvoC 


Large  5' 2"  meter, 
with  18  separate, 
full  length  scales! 


OUTRUt 


tales  one  of  18  separate 
I  os  you  select  the  range* 


Ranges 


20,000  Ohms  per  Volt  D.C.,  1,000  Ohms  per 
Volt  A.C. 

Volts,  A.C.:  2.S,  10,  50,  250,  1000,  5000 
Volts,  D.C.:  2.5,  10,  50,  300,  1000,  5000 
Milliomperes,  D.C.:  10,  100,  500 
Microamperes,  D.C.:  100 
Amperes,  D.C.:  10 
Output;  2.5,  10.  50.  250,  1000 
Ohms:  0-2000  (12  ohms  center).  0-200,000  (1200 
ohms  center),  0-20. megohms  (120,000  ohms' 
center). 

Site;  12%'*  X  10W  x  5%  " 

Weight:  8  lbs.  9  oz. 

Price,  complete  with  test  leads  and  28-Page 
Operator's  AAanuol . $69.85 


ed  pri- 
use  in 
lirect- 
cnrdio- 
>*Card- 
ibly  (or 
meter 
:d)  hu 
anlvsl- 
lustriil 
rnmnt 
lent  of 
r  non- 


High  voltage  probe  (25.000  volts) 
for  TV,  radar,  x-ray  and  other  high 
voltoge  tests,  also  ovoiloble. 


Ask  your  Jobber,  or  write  for 
complete  descriptive  literature 


it  (No. 
in  two 
'3  mm; 
.ecord- 
I,  6  cm 


D  ohms, 
les/sec. 
!5  volts. 


inborn 
ive  sp¬ 
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ON  ICS 


1 


INC. 

NCWAHK,  m.J 


UNDtH  OM 

'H£  FOilOWINS  U  S.  F* 
).«/4.r53 
I.M0,W3  '* 

1*03,  >44  J- 

f£«4  ).*03.>4S  >“ 

“'*^3  l.*35.70l, 


«N8  INCOBPOBATB 

Bi,sctboN8^^^^  *v,NO» 


-gVfKW- 


6.4  AVG.  amps 


'  ** 


Spin  pH  for  tegting  turbine  parts.  Speed  is 
measured  by  an  electronic  rpm  counter. 
The  mercury  flash  lamp  held  by  the  Boeing 
engineer  permits  photographs  at  0.2-micro¬ 
second  eicposure 


turbine  shaft  is  divided  into  two 
sections,  half  black,  half  white.  A 
phototube,  focused  on  the  shaft, 
sends  a  current  impulse  to  record¬ 
ing  instruments  each  time  the  black 
portion  passes  its  scanner.  .Timed 
and  checked  electrically,  the  speed 
is  controlled  within  one-half  of  one 
percent  accuracy. 

The  spinning  is  done  in  pits  made 
up  of  layers  of  steel  plate,  with 
maple  blocks  on  the  inside.  The 
steel  shells  test  turbine  components. 
Power  for  the  tests  is  derived  from 
compressed  air,  driving  a  small 
turbine  which,  through  a  shaft,  is 
attached  to  the  test  article.  A 
hoist  supports  the  heavy  weight  of 
the  cap  plate,  air  turbine  and  acces¬ 
sories.  The  entire  assembly  is  low¬ 
ered  into  the  pit,  clamped  in  place 
and  the  air  evacuated. 

One  pit  has  built-in  heating  coils 
of  nichrome  steel  wire  imbedded  in 
clay  holders  to  maintain  constant 
temperatures  of  up  to  1,750  deg  F. 
Automatic  controls  keep  tempera¬ 
ture  to  preset  levels  and  also  record 
the  whole  test.  Highspeed  rotation 
and  extremely  high  temperatures 
combine  to  prove  each  new  develop¬ 
ment  in  turbine  parts  before  in¬ 
corporation  in  an  actual  engine. 

High-speed  photographs,  made 
with  an  ordinary  8x10  view  cam¬ 
era,  enable  engineers  to  study  test 
wheels  as  they  break.  A  small 
mercury  lamp  is  the  light  source 
for  the  one  five-millionths  of  a 
second  flash.  The  tripper  con- 
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for  permanent  automotive  lead-ins 


Efficiency  —combining  low  loss  and  low  capacity  for  high  fidelity 
transmission  with  minimum  attenuation  and  signal  distortion 
Flexibility  —  new  ease  of  handling,  installing  and  maintaining 
Shielding  —for  freedom  from  interference 
Permanent  Conductor  Set  —  for  electrical  and  mechanical 
stability 

Spring  Action  — Eliminates  necessity  for  providing  slack  in  con¬ 
ductor  when  connecting  terminals.  Minimizes  conductor  break¬ 
age  at  the  terminals. 


PATENT  PENDING. 


Check  those  important  electrical  and  mechanical  advantages. 
Check  the  exclusive  Federal  design.  Here  at  last  is  a  combination  of  low 
capacity  and  high  impedance . . .  buggy  whip  flexibility  with  a  conductor 
that  soaks  up  vibration  and  won’t  break  away  from  terminals. 

Federal’s  new  Intelin  K-1 09  Crimped  TVpe  Coax  has  everything  for 
rugged  service.  It  is  also  recommended  for  aircraft  and  marine  antenna 
lead-ins ...  for  inter-stage  audio  connections  in  general 
radio  and  electronic  equipment. 

Perhaps  you  see  other  uses  for  K-1 09.  For  full  technical  information 

and  prices,  write  to  Department  D-6I3. 


Federal  Telephone  and  Radio  Corporation 


KBKPIN«  FCMRALVKAIIS  ANCAO...is  IT&T's  world-wid* 
r*t*orchond  •n9in«*ring  orgonitotion,  of  which  lh«  Ftd«ral 
Ttlacomipunicotion  Laborotorivt,  Nullcy,  N.  J..  it  a  unit. 


In  Conndn;  F»df  I  fincirk  Mnnwfnclwring  Company,  IM.,  Montrool,  F.  Q. 
Caport  Oitiribotort:  •  Intornotionol  Standard  tloclrk  Carp.  67  Iroad  Si.,  N.  Y. 
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TUBES  AT  WORK  (contmwd) 

sists  of  double  concentric  copper 
screens  which  line  the  test  pit.  At 
burst,  the  pieces  of  the  test  wlieel 
crash  into  the  screens,  pushing 
them  into  contact  and  completing 
the  flash  circuit.  By  this  tech¬ 
nique,  any  portion  of  the  wheel 
which  breaks  loose  under  such  pun¬ 
ishment  immediately  takes  its  own 
picture  and  establishes  the  point  of 
failure. 

The  spin  pits  test  the  turbine 
wheels  for  the  effects  of  weight  and 
tensile  strength  of  the  materials; 
for  rim-loading  by  their  blades; 
profile,  or  cross-sectional  shape; 
design  of  the  shaft  holes  in  their 
hubs. 


WTAD'FM  did.  That’s  why  they  selected  Andrew  6V9" 
coaxial  transmission  line.  In  spite  of  the  800  ft.  long 
run,  including  a  750  ft.  run  up  the  tower,  the  overall 
efficiency  is  90%! 

Not  only  is  this  SVi"  line  the  most  efficient  standard 
RMA  line  used  in  broadcasting,  but  it  offers  the  addi¬ 
tional  advantage  of  very  high  power  handling  capac¬ 
ity.  It  will  handle  up  to  166,000  watts  at  100  MC  with 
unity  standing  wave  ratio,  allowing  a  wide  margin  for 
future  power  expansion. 

Fabricated  by  Andrew  in  twenty  foot  ^engths  with 
connector  flanges  brazed  to  the  ends,  sections  can  be 
easily  bolted  together  with  only  a  couple  of  small 
wrenches.  Flanges  are  fitted  with  gaskets  so  that  a 
completely  solderless,  gas-tight  installation  results. 

Still  another  advantage  to  buying  Andrew  equip¬ 
ment  is  that  Andrew  engineers  are  available  to  prop¬ 
erly  install  it.  NO  OTHER  TRANSMISSION  LINE 
MANUFACTURER  OFFERS  YOU  THIS  COM¬ 
PLETE  INSTALLATION  SERVICE! 

Here’s  what  Mr.  Leo  W.  Born,  Technical  Direaor 
of  WTAD-FM,  writes  about  Andrew  installation 
service:— 

"You  will  be  interested  to  know  that  the  installa¬ 
tion  of  the  Andrew  coaxial  line  made  by  your 
organization  has  been  giving  us  trouble-free  per¬ 
formance  of  high  efficiency  in  the  daily  operation 
of  WTAD-FM. 

Knowing  the  great  difficulties  involved  in  the 
installation  of  such  a  large  line  on  a  750  foot 
towir  over  a  period  of  such  inclement  weather 
conditions,  /  feel  that  the  excellent  operation  of 
the  line  is  indeed  a  tribute  to  the  men  of  your 
company  who  were  on  the  fob.  Such  performance 
^  is  not  accidental  and  we  congratulate  you  on  a 
\  tough  fob  well  done." 

\  This  again  emphasizes  Andrew’s  unique  qualifica- 
\  tions:— Unsurpassed  equipment  and  complete  en- 
gineering  service. 

^  WANT  THE  MOST  EFFICIENT  ANTENNA  EQUIPMENT  FOR 
^  YOUR  STATION?  WANT  EXPERIENCED  ENGINEERS  TO 
INSTALL  IT?  WRITE  ANDREW  TODAY! 


Metal  Picture  Tube 

A  sixteen-inch  cathode-ray  tube 
having  a  metal  shell  is  being  made 
available  to  receiver  manufacturers. 

The  envelope  of  the  new  tube 
consists  of  a  cone  of  spun  chrome 
steel  alloy.  A  glass  neck  houses  the 
electron  gun  assembly  to  permit 
customary  mounting  and  operation 
of  the  focusing  and  deflection  coils. 
The  glass  neck  flares  outward  to  a 
diameter  of  about  four  inches  and 
meets  the  metal  cone  in  a  butt  joint. 
Sealing  the  metal,  which  has  the 
same  coefficient  of  expansion  as  the 
glass,  is  accomplished  with  the  aid 
of  induction  heating. 

The  glass  front  of  the  picture 
tube  is  drawn  glass,  polished  on 
both  sides,  and  this  too  is  sealed 
to  the  metal  cone  with  induc¬ 
tion  heating.  The  curvature  of  the 
glass  face  is  such  that  nearly 


Th«  750  ft.  high  lower  of 
WTAD-FM,  Quincy.  Illinoit 
ono  of  Amorico'i  finott 
FM  Slolioni— showing 
copper  cooiiel  transmission 
lino  manufactured  and 
installed  by  Andrew. 


Now  metaI-gh»U  picture  tube 


353  EAST  75TH  STREET,  CHICAGO  19 


EASTERN  OFFICE!  431  SEVENTH  AVENUE,  NEW  YORK  CITY 
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Single  molded  nylon  unit  replaces  complex  assemblies  of  3  to  5  parts 


Nylon  eoil-mpport  nut  manufaetured  by  Elastic  Stop  Nut  Corporation  of  America,  Union,  New  Jersey"' 


ii...  -q  Slug  (A)  gjjj  gCTe^  (•)  rotated, 
impressing  thread  shape  of  screw  into  nylon 
shank.  Prong-shaped  legs  of  shank  flare  out¬ 
ward,  securing  nut  to  plate.  Nylon  develops 
torque  on  screw  thread  to  hold  slug  in  ad¬ 
justed  position,  despite  vibration  and  vari¬ 
ations  in  plate  thickness  and  size  of  hole. 


Coil  form  ms  snugly  nylon  nut . . .  firmly 
gripped  externally  by  six  thin,  flexible  “fin¬ 
gers”  on  the  inside  wall  of  the  support  nut. 
The  hollow  tube  is  held  sectirely  in  place  by 
pressure  of  the  nylon  “fingers,”  although 
wall  thicknesses  of  the  tube  may  often  vary 
as  much  as  1  32  of  an  inch. 
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CAN  NYLON  HELP  YOU  MAKE  A  BETTER  PRODUCT? 


Here’s  a  new,  all-nylon  coil  support 
for  radio  and  television  sets.  It  does 
the  same  job  that  once  required  a 
complex  assembly  of  3  to  5  parts  . . . 
yet  it  consists  of  only  one  molded 
nylon  nut!  The  result — reduced  parts 
inventory,  quicker  assembly,  faster 
production. 

In  developing  this  new  product, 
the  manvifacturer  found  all  the  de¬ 
sired  properties  in  Du  Pont  nylon. 
Its  light  weight,  strength  in  thin  sec¬ 
tions,  resiliency,  stability  and  insu¬ 
lating  properties  permit  a  new, 
multi-purpose  design.  And  nylon’s 
unique  workability  assures  efficient, 
economical  molding  of  the  intricately 
shaped  unit.  Ifs  one  more  case  where 
an  electrical  manufacturer  makes  a 
better  product  with  Du  Pont  nylon. 


This  Du  Pont  plastic  can  be 
molded  or  extruded.  When  designing 
electrical  parts  or  wires,  don’t  over¬ 
look  its  remarkable  properties.Write 


for  free  booklet,  “65  Success  Stories 
of  Product  Improvement.”  Filled 
with  helpful  facts.  Just  address; 
E.  I.  du  Pont  de  Nemours  &  Co. 
(Inc.),  Plastics  Department,  Room 
1410,  Arlington,  N.  J. 


CHICK  THIS!  7  tASIC  FIATURIS 
OF  NYLON  FOR  ILiCTRICAL  USIS 

1  Good  flexibility 

2  High  tensile  strength 

3  Extreme  toughness 

4  Abrasion  resistance 

5  Resistance  to  permanent  set 

6  Chemical  resistance 

7  Ability  to  be  molded  or  extruded 


*16  U  S  rsr’.Oi' 


'p/asties 

BITTER  THINGS  FOR  BETTER  liVING 
through  CHEN  iSTR  r 


'  molded  as  one 

unit  but  conaisting  of  four  sepm^te  prong- 
shaped  legs,  is  inserted  in  square  hole  of 
supporting  plate.  Since  nylon  itself  is  im 
insulator,  the  nut  does  not  require  a  grom¬ 
met.  And  Du  Pont  nylon  remains  stable  at 
temperatures  ranging  from  -  fiO^F.  to  2(Xy’F. 


ONE  WCE  NYLON  SUPPORT  NUT 

simplifies  toil  assembly... speeds  up  production 


f  ^  f  r*m 

Uj^iYLnoiM  ui  iiiiv^i us 


Tracing  cloth 
that  defies 


rication. 


FABRICATED  SHEET 
METAL  PRODUCTS 

to  your  specifications 

COMPLETE  iacilitiet  under  one  roof 
for  qucmtity  mast  production — inclu- 
*  ing  welding,  baking  and  finishing.  ^ 

Whistler  and  Wiedermann  equipment 
for  short  runs.  Tool  and  die  engineer¬ 
ing  and  designing. 

Substantial  sheet  steel  inventories 
permit  speed,  service  and  cooperation. 

Large  assortment  of  stock  and  special 
dies  for  the  radio  and  electronic  field. 

Production  and  engineering  under  the 
personal  direction  of  Mr.  E.  B.  Guns- 
burg.  president — who  has  had  34 
years'  experience  in  sheet  metal  fob- 


Quality  chassis,  me¬ 
tal  cabinets,  instru- 
ment  housings, 
panels,  boxes,  metal 
parts  and  stampings 
— sample  models — in 
stainless  steel  or  in 
any  metal  or  ony 
Close  toler¬ 
ances  guaranteed. 


Send  your  blueprints  and  requests  for  prompt  attention  and  quotations. 

ART-LLOYD  METAL  PRODUCTS  CORP. 

2973  Cropsey  Are.  ’  Brooklyn  14,  N.  Y. 

Telephone:  ESplonode  3-2400 


•  The  renown  of  Imperial  as  the  finest  in 
Tracing  Cloth  goes  back  well  over  half  a 
century.  Draftsmen  all  over  the  world  prefer 
it  for  the  uniformity  of  its  high  transparency 
and  ink-taking  surface  and  the  superb  quality 
of  its  doth  foundation. 

Imperial  takes  erasures  readily,  without 
damage.  It  gives  sharp  contrasting  prints  of 
even  the  finest  lines.  Drawings  made  on 
Imperial  over  fifty  years  ago  are  still  as 
good  as  ever,  neither  brittle  nor  opaque. 

If  you  like  a  duller  surface,  for  dear,  hard 
peiKil  lines,  try  Imperial  Pencil  Tracing  Cloth. 
It  is  good  for  ink  as  well 


IMPERIAL 

TRACING 

CLOTH 


I  SOLD  BY  LEADING  STATIONERY  AND  DRAW- 
I  ING  MATERIAL  DEALERS  EVERYWHERE 


PRECISION  POTENTIOMETERS 

Toroidal  and  Sinusoidal 


Write  for  Bulletin  F-68 


THE  GAMEWELL  COMPANY 

Newton  Upper  Falls  64,.  Massachusetts 


October,  7948— ELECTRONICS 


For  use  in  computing  and  analyz¬ 
ing  devices;  generation  of  low  fre¬ 
quency  saw  tooth  and  sine  waves; 
controls  for  radio  and  radar  equip¬ 
ment;  position  indicators;  servo¬ 
mechanisms;  electro  medical  in¬ 
struments,  measuring  devices — tele¬ 
metering;  gun  fire  control  where 
360*  rotation,  high  precision  and 
low  noise  levels  are  essential. 

The  type  RL14MS  sinusoidal  po- 
temiometer  is  illustrated.  It  is 
wound  to  a  total  resistance  of 
35,400  ohms  and  provides  two  volt¬ 
ages  proportional  to  the  sine  and 
cosine  of  the  shaft  angle.  It  will 
generate  a  sine  wave  true  within 
±.6%.  Overall  dimensions  are 
4}"  diameter  x  4  11/32  long  plus 
shaft  extension  i"  diameter  x 
11"  long. 


X/ictumj  here  is'a  Vjf  'ng-fgrk  fi 
accuracy  guaranteed /o  one' part 
Centigrade. /The  /6rk 
herrtiericaify  seaj/d  agal’^-t  var'^VId 
sure.  This  st^dard,  j.Iien  ro^  -inp, 
facili tares  accurate  speed  sp6  time 
elc^rital,  acousdral  or  optical  rru  ap^. 


andard  with 
I  per  degree 


'  ~  s  of/  b  arometric  pres- 
i  basic  equipment, 
oi  by  mechanical. 


The  unit' is  avaiiable  separately  < 
complete  tlmipg  insm-rncrts.  Our 

cooperatepm  any  prohlemi 


4IRCRAFT 


coMf^y 


•  to  a  moving 

Where  electrical  '*  unusual  operating  char- 

laminated  precioo.  <„„„lid  precious  metal  rings, 

acteristicsot  arwlsovmfl  m  c®  p„ll„dl„m,  or  their  olloys, 

to  ttere^uTred  hose  metol,  such  os  copper  or  bronze 

,  Mechanical  strength 

.  .  .  C®"®*'®" '•*“""**  d  in  special  electric  motors, 

These  rings  ore  now  be  g  jns^g. 

calculators,  and  V,  de'cho  mechanical  devices. 

ments,  P°'*"’'°"’*’'”J'"jeg,ed  to  make  recommendations  to 

Our  engmeers  will  b  p  ^  ,a  submit 


START^ 
RIGHT 
.  with  A 


^MJke>pjmtje-  products 

l*WIM*TUSINO*SOU>ns'«PAMICATIO  PARTS  AND  ASSIMSLIU 


D.  E.  MAKEPEACE  COMPANY 

Main  Office  and  Plant,  Attleboro,  Massachusetts 

NfW  TORK  OfFICt  30  CHURCH  ST  •  CHICAGO  OFFICE  jS  FAST  WASHINGTON  ST 
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150  sq  in.  image  area  is  provided. 

The  16-inch  tube  has  a  deflection 
angle  of  53  degrees  and,  for  critical 
resolution,  deflection  coils  designed 
for  this  angle  are  recommended. 
However,  coils  designed  for  conven¬ 
tional  tubes  having  a  deflection 
angle  of  50  degrees  have  been  found 
to  provide  good  resolution.  Oper¬ 
ating  voltage  of  the  second  anode  is 
recommended  at. about  10  kv  al¬ 
though  the  tube  is  tested  at  15  kv. 

The  potential  of  the  steel  shell  is 
also  10  kv  and  it  is  planned  to  make 
available  an  insulating  sleeve.  A 
Tenite  coating  on  the  sleeve  and  an 
Aquadag  layer  might  then  be  used 
to  form  a  filter  capacitor  for  the 
high-voltage  power  supply  as  is 
conventional  practice  with  the 
10BP4  and  10FP4.  (Eleciuonics, 
p  186,  April  1948). 

The  metal  tube  is  manufactured 
by  Tel-O-Tube  Corp.  of  America,  at 
Paterson,  N.  J.  and  is  used  in  a 
table  model  receive'r  of  Starrett 
Television  Corp.  of  New  York. 


Amplitude  Selective 
Amplifier 

By  Charles  E.  Lowe 
Fenton,  Michigan 

In  the  development  of  a  servo- 
system  for  operation  of  a  drag  cup 
motor  in  response  to  the  output 
signal  of  a  magnetic  bridge,  it  was 
found  that  the  use  of  an  amplitude- 
selective  amplifier  overcame  many 
irritating  and  vexing  problems. 

Slight  modification  in  normal  re¬ 
sistance-coupled  amplifier  perform¬ 
ance  enables  such  amplitude  dis¬ 
crimination  to  be  obtained  with 
few  additional  parts.  Although  in 
ordinary  amplifier  usage  such  a 
condition  is  known  as  bad  transient 
response,  in  this  application  it  acted 
as  a  cure-all  with  no  ill  effects. 

The  output  signal  of  the  mag¬ 
netic  bridge  contained  much  second 
harmonic  of  the  motor  operating 
frequency  throughout  the  near¬ 
balance  condition  of  the  bridge  and 
through  the  null  point  of  the  oper¬ 
ating  signal.  This  unwanted  har¬ 
monic  content  tended  to  mask  the 
null  point  as  it  decreased  the  sens¬ 
ing  efficiency  of  the  overall  system 
at- the  critical  time  of  balance  indi¬ 
cation.  At  the  same  time,  the  non¬ 
linear  operation  of  the  bridge  mag¬ 
netic  elements  combined  with  the 
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the  tubes  to  generate  1 


This  Sperry  service  —  beginning 
with  a  source  of  microwave  energy, 
the  klystron,  and  following  through 
with  every  facility  for  measuring 
microwaves  —  oj)ens  up  almost  un¬ 
limited  possibilities  for  industry. 

We  will  be  glad  to  supply  com¬ 
plete  information. 


The  Sperry  Klystron  Tube  to  generate 
idtra-high-frequency  microwaves  .  .  . 

The  Sperr)'  Klystron  Signal  Source 
to  “power”  them  .  .  . 

The  Sperry  Microline  to  test  and 
measure  them  .  .  . 

These  Sperry  products  equip  the 
research  or  development  engineer  \ 
with  every  essential  for  development 
or  design  in  the  microwave  field. 

The  Sperry  Klystron  Tube  has/ 
already  opened  up  new  vistas  in 


navigation,  aviation,  medicine,  radio, 
telephone,  telegraph  and  other  major 
applications.  It  is  ready  for  many  new 
local  oscillator  or  high  power  uses. 

^The  Sperry  Microline  includes 
practically  everv’  type  of  instrument 
for  quK'k  precision  measurements 
in  th^'inicrowave  frequency  bands. 


SPERRY  GYROSCOPE  COMPANY 


DIVISION  OF  THE  SPERRY  CORPORATION  •  GREAT  NECK,  N.  Y. 

NEW  YORK  •  LOS  ANGELES  •  SAN  FRANCISCO  •  NEW  ORLEANS  •  CLEVELAND  •  SEATTLE 
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iheered  to  the  Highest  FM  and  AM  Broadcast  Standards 


TUBES  AT  WORK  (cMHnMcd) 

differentiation  through  the  mutual 
inductance  of  the  output  winding, 
coupled  to  the  bridge  proper,  cre¬ 
ated  an  output  signal  inconsistent 
in  waveform.  As  a  result,  the 
speed  of  the  motor  did  not  bear  a 
simple  direct  relationship  to  the 
primary  control  displacement  and 
the  final  calibration  of  the  system 
became  partially  dependent  upon 
an  unreliable  and  erratic  variable. 

Presence  of  the  second  harmonic 
of  the  bridge  excitation  frequency 
in  the  bridge  output  signal  was  a 
necessary  evil  of  the  bridge  design. 
Since  it  was  designed  to  respond 
to  minute  direct  currents  in  its 
input  winding  and  to  sense  their 
direction  as  well  as  their  amplitude, 
it  was  necessary  to  polarize  the 
bridge  arms  with  direct-current 
magnetization.  In  this  way  the 
aiding  or  opposing  of  this  steady 
flux  by  the  flux  set  up  by  the  small 
current  from  the  primary  conver¬ 
sion  element  produced  effects  that 
indicated  the  direction  of  such  cur¬ 
rent  by  the  phase  relationship  of 
the  output  signal  to  the  bridge  ex¬ 
citation  frequency.  This  latter  fre¬ 
quency  was  also  one  of  the  phases 
of  the  motor  excitation. 

The  sensing  of  reversal  of  input 
current  direction  by  the  bridge  was 
indicated  to  the  drag  cup  motor  by 
a  180-degree  change  in  phase  of 
output  signal.  A  balance  for  the 
bridge  occurred  with  no  incoming 
current  from  the  conversion  ele¬ 
ment  or  with  the  bridge  input 
terminals  shorted.  At  balance, 
the  opposing  alternating-current 
fluxes  from  the  two  bridge  arms 
failed  to  give  zero  signal  balance 
indication. 

Since  each  half  cycle  of  the  op¬ 
posing  fluxes  operated  in  separate 
directions  along  the  B-H  curve  of 
the  core  from  the  operating  point 
set  up  by  the  d-c  polarization,  the 
peak  amplitudes  of  each  half  cycle 
of  flux  were  not  equal.  Because  of 
this  difference,  cancellation  was  not 
complete,  and  during  every  half 
cycle  of  the  excitation  frequency 
such  a  left-over  bundle  of  flux 
appeared  to  cyclically  excite  the 
output  winding.  Thus,  a  second 
harmonic  signal  is  generated.  This 
signal  reached  its  maximum  value 
at  the  time  of  the  null  for  the  mo- 
I  tor-operating  signal. 

'  In  this  application,  the  drag  cup 


MoM  650 

(Ovtpvt  -46  db) 


FEATURES  LIKE  THESE 
WIN  TOP  RATING 

€imd 

Fht  out  to  IS  kel  Extromoly  high  output  I  Impodanco  toloctorl  Duat- 
typo  shock-mouitti  komoHceibly  ruggodi  Individutdiy  ccdibratodl 

Developed  in  cooperation  with  station  and  network 
engineers,  the  new  “650”  and  "645”  meet  exacting  re¬ 
quirements  of  modern  high  fidelity  FM  and  AM  broad¬ 
cast  service.  Proved  in  studio  and  remote  use.  Polar 
pattern  is  non-directional  at  low  frequencies,  becoming 
directional  at  high  frequencies.  Recessed  switch  gives 
instant  selection  of  50  or  250  ohms  impedance.  Exclu¬ 
sive  Acoustalloy  diaphragm  withstands  toughest  use. 
Many  other  important  features  assure  the  ultimate  in 
broadcast  quality.  Satin  chromium  finish.  Fully  guaranteed. 

Model  650.  Output  level  — 46  db.  List . $150.00 

Model  645.  Output  level  — 50  db.  List . $100.00 

Bromdcait  Engineers:  Put  the  "650’' or  "645"  to  the  test  in  your  station. 
Know  the  thrill  of  using  the  newest  and  finest.  Write  for  full  details. 


NO  F/N£R  CHOICE  THAN 


Modal  645 

(Output  —50  db) 


ILICTIO-VOICI,  INC.,  lUCHANAN,  MICHIGAN 
Expert:  13  Esnt  40lh  St.,  New  Yerk  16,  U.S.A.  CeMet:  Ariob 
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■  ^  M  T.j  _  At.  <•  ij  1  j  .11  curT«a-iac*a  trp^i  ana#  m  aaainon#  me  ^raacuie  is 

A.  C.  Cotser  Ltd..  pion««i«  m  th«  balds  ei  advracad  sIm-  angrorad  on  both  sidas  aliminoting  tha  common  optical 

tromc  ^uipmant,  including  tha  doTolopmant  ol  tha  caAoda  abarrations  oi  parollax. 

rcra  tuba,  now,  with  pordonabla  pnda.  oilar  tha  COSSOR 

TWIN-BEAM  OSCILLOGRAPH  to  tha  alactronic  industrias  of  Xha  instrumani  proridas  for  mounting  a  camara  diractly 

North  Amarica.  jji,  Jq(.,  jJj,  Cathoda  tuba  thus  pioriding  o  parmanant 

In  all  iialds  of  modom  rasaorch  and  in  all  industrial  labora-  racord  of  tha  woraiorm  displayad. 

torias  —  in  fact,  anywhara  whara  compatant  quontitatiTa  Moins  roltages  may  ba  adjustad  batwaan  105  to  255  toHs 

meosuramants  rad  u^adirta  w^aform  analysis  <»•  «  and  fraquancy  batwaan  50-100  cyclas;  powar  consumption 

nacassity,  tha  Cossor  Twin-Baam  Oscillograph,  Modal  1035,  170  watts, 

is  assantiol  aquipmant. 

^  ....  .  ...  ...  $505.00  i.o.b.  Montreal 

Tha  instrumant  dasign  incorporotas  a  high  spaad.  linaor  or*  j  \ 

rapatitiaa  tima  bosa.  faoturing  "Flyback"  aupprassion  with  (U.  S.  FunOS) 

furthar  facilitias  oi  axtarnol  triggaring  from  both  positiaa  _ 

and  nagatiaa  synchronising  Toltagas.  Tha  tima  scala  is  COSSOR  OFTERS  MUCH  MORE  —  COSTS  MUCH  LESS, 

libarally  spread  oaar  9  conyaniant  rangas,  150  millisaconds  IMMEDIATE  DELIVERY  FROM  STOCK. 

to  15  microsaconds,  and  tha  tima  bosa  woraform  may  ba  Writa  us  for  furthar  datoils  of  both  tha  naw  Cossor  Oscil- 

fad  out  for  usa  with  othar  aquipmant.  lograph  Modal  1035  and  camara  attachmant. 

Othar  important  factors  which  maka  this  a  raally  uniqua  ■  aa  a  aa  a  %  B  Miaa 

oscillograph,  ora  tha  two  indapandant  systams  oi  amplifica-  VaB ■■  M ^s  A  A  IB  A  1  fl  ■■■■B 

tion  with  similar  calibration  arrongamant.  Voltaga  scala  M aB B^^B  t  1b  1  E  afB  lA  1  1  Is  1  U- 

oi  omplitiar  Y1  coyars  7  rangas.  50  yolU  to  50  milliyolts,  Af  A  ATB 

haying  an  officiant  fraquancy  rosponsa  of  10  mcs.  to  20  cps.  cn.  CTorvr  ttr  i  i  o 

Voltaga  scala  oi  Y2  coyars  5  rangas.  haying  a  baquancy  bZl  CHAlCs  STRFET  tv«  P^Ontreal  3<  Canada 

rasponsa  oi  100  kcs.  to  20  cps. 

*Ths  A.  O.  Cottor  organization  hat  won  world-wide  recognition  for  its  pioneer  develo)>meni  of  the  X-Ray  Tube,  the  Cathode  Ray 
Tube  and  the  Cathode  Ray  Oecillograph.  It  alto  developed  the  firtt  Radar  Receiver  and  the  firtt  commercial  Televition  Receiver. 


J'OSSo^* 

Still  anothar  major  tachnicol  adyancomont  lias  in  tha 
alactricoUy  sLialdod  naw  Cossor  typo  89  Doubla-Beom 
tuba,  4  inchas  in  diamatar.  with  a  FllAT  FACE,  aliminating 
aU  possibility  of  distortion  craatod  by  tha  conyontional 
curvad-iacad  typo,  and.  in  addition,  tha  graticula  is 
angrayod  on  l:mth  sidas  aliminoting  tha  common  optical 
abarrations  oi  parallax. 

Tha  instrumant  proyidos  for  mounting  a  Comoro  diractly 
to  tha  taco  oi  tha  Cathoda  tuba  thus  proyiding  o  parmanant 
racord  of  tha  wayoiorm  displayad. 

Mains  yoltages  may  bo  adjustad  batwaan  105  to  255  yolts 
and  fraquancy  batwaan  50-100  cyclas;  powar  consumption 
170  watts. 

$505.00  i.o.b.  Montreal 
(U.  S.  Funds) 

COSSOR  OFFERS  MUCH  MORE  —  COSTS  MUCH  LESS. 
IMMEDIATE  DEUVERY  FROM  STOCK. 

Writa  us  for  furthar  datoils  of  both  tha  naw  Cossor  Oscil¬ 
lograph  Modal  1035  and  camara  attachmant. 

COSSOR  (CANADA)  LTD. 

621  CRAIG  STREET  W.  Montreal  3.  Canada 
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(continued) 


motor  .is  subject  to  a  braking  ac¬ 
tion  in  the  presence  of  such  har¬ 
monics,  distortion,  or  spurious  fre¬ 
quencies,  and  mainly  suffers  a  loss 
of  efficiency  and  is  not  made  un¬ 
usable.  Because  of  the  limitations 
on  the  amplifier  at  a  time  when  its 
sensitivity  should  be  increased  and 
the  very  ft-regular  action  of  the 
servo-system  as  the  controji  signal 
waveform  varied,  steps  were  taken 
to  eliminate  this  nuisance. 

Application  of  tuned  circuits  and 
of  notch  filters  helped  but  reliabil¬ 
ity  under  varied  conditions  of 
operation  was  not  obtained. 

Circuit  Operation 

In  the  process  of  amplitude  dis¬ 
crimination,  the  output  signal  of 
the  bridge  is  first  amplified  and 
then  the  fundamental  frequency  is 
separated  from  the  envelope  of  the 
second  harmonic.  The  output  of  the 
amplifier  goes  through  essentially 
the  same  waveform  changes  as  the 
input  signal  with  the  exception  that 
the  output  signal  change  occurs 
long  before  the  same  degree  of 
input  signal  change.  Watching  the 
input  and  output  signal  simultane¬ 
ously  on  a  pair  of  oscilloscopes,  one 
can  observe  only  a  slight  change  in 
the  waveform  of  the  input  signal 
while  the  output  signal  is  chang¬ 
ing  from  complete  second  harmonic 
to  complete  fundamental.  The 
I  change  in  output  signal  during  the 
I  transition  is  continuous  in  that  one 
I  frequency  increases  in  amplitude 
I  while  the  other  is  decreasing. 

At  bridge  balance,  the  amplifier 
still  passes  second  harmonic  signal, 
however,  it  is  now  limited  to  a  much 
narrower  range  in  the  bridge  cali¬ 
bration.  The  increased  sharpness 
of  bridge  balance  indication  wel¬ 
comes  the  damping  action  induced 
on  the  motor  armature  by  the 
second  harmonic  drag.  Thus  the 
braking  action  of  the  second-har¬ 
monic  signal, of  the  motor  operat¬ 
ing  frequency  may  be  used  for 
slight  anti-hunting  purposes  to  in¬ 
hibit  overshooting. 

Bridge  Signals 

Figure  1  shows  the  changes  in 
the  bridge  output  from  a  balanced 
condition  to  one  of  complete  unbal¬ 
ance.  At  Fig.  lA,  the  balanced 
bridge  indication  is  an  approxi¬ 
mate  sine  wave,  a  second  harmonic 


The  time  to  select  relays  is  at  the  start  of  circuit  design. 
Frequently,  manufacturers  save  time  and  money— develop  a 
better  product,  by  consulting  Leach  during  the  first  stages  of 
their  designing.  Here’s  how— 

Leach  manufactures  thousands  of  types  of  relays,  for  thousands 
of  applications.  Many  are  production  items  which  may  offer 
you  savings  in  delivery  time  and  unit  cost.  Through  a  slight 
change  in  circuit  design  you  may  gain  the  advantages  of  a 
standard  type,  at  considerable  savings  and  do  a  better  job. 

For  your  specific  requirements,  consult  the  competent  staff  of 
Leach  electrical  engineers.  Custom  designs  are  their  stock  in 
trade.  Remember,  for  Better  Controls  through  Better  Relays, 
look  to  Leach.  Write  today. 
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Even  in  the  most  remote  areas 


wings  aloft  are  guided  on  their  way 


by  Aerocom’s  new  medium  range  Aerophare 


Transmitter.  This  transmitter  was  designed  and  built 
'  to  provide  long,  trouble-free  service  with  no  attendants 


AEROPHARE 


even  where  the  total  population  is  Zero. 


•  The  100  Watt  Aerophare  illustrated 
consists  of  the  following  units-- AK-3  autontatic 
keyer;  Model  lOOXL  transmitter,  (100  Watt  carrier 
power,  minimum  of  30%-high  level  tone  modulation 
for  identification  but  with  no  provision  for  voice  N. 
modulation');  and  antenna  matching  unit.  N. 

The  smaller  unit  is  similiar,  except  transmitter  is  of  50  n. 

Watts  carrier  power  with  90%  high  level  tone  modulation  for 
identification,  or,  90%  high  level  voice  modulation.  Microphone  P-T-  ^ 
Switch,  when  depressed  interrupts  tone,  permitting  voice  operation.  This 
feature  makes  this  unit  ideal  for  airport  operation  where  both  aerophare 
and  traffic  control  are  needed. 

Both  units  are  completely  "tropicalized”  to  allow  operation  under 
unusual  climatic  conditions.  Each  unit  is  ruggedly  constructed  and  con¬ 
servatively  rated,  providing  low  operating  and  maintainence  costs. 
Engineering  data  on  both  units  upon  request. 

CONSULTANTS,  DESIGNERS  AND  MANUFACTURERS  OF  STANDARD  OR  SPECIAL 
ELECTRONIC.  METEOROLOGICAL  AND. COMMUNICATIONS  EQUIPMENT. 


AER^ 

Rrg,  I 


COM 


Aeronautical  Communications  Equipment,  Inc. 

3  0  9  0  Douglas  Road,  Miami  33,  Florida 


DEALERS:  EquipoUtro  Ltda..  Caixa  Postal  1925  Rio  do  Jonoiro, 

Brasil  A  Honry  Noumoq,  Jr,.  Aportodo  AAroo  138,  Borronquillo,  Colombia 
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TUIES  AT  WORK 


FIG.  1 — Bridq*  output  signals  showing 
transition  from  sscond  harmonic  to  funda¬ 
mental  to  indicate  Tarious  degrees  of 
unbalance 


'  electronics  and  the  elfectrical 

goods  industry,  MOSINEE  stands  for  paper- base 
processing  ^terials  with  scientifically 
controlled  chemical  and  physical  properties,  high 
quality  standards  and  dependable  uniformity . . . 
with  good  dielectric  strength,  high  tensile  or  tear 
strength;  proper  softness  or  stiffness; 
creped  with  controlled  stretch  or  flexibility;  specified 
pH  for  maximum-minimum  acidity  or 
alkalinity;  accurate  caliper,  density,  liquid  repellency 
or  absorbency  ...  or  other  technical 
characteristics  vital  to  your  quality  standards  and 
production  requirements. 


of  the  bridge  excitation  frequency. 
All  of  these  peaks  are  of  equal 
height.  In  Fig.  IB  the  peaks  alter¬ 
nate  in  height  and  indicate  a  slight 
bridge  unbalance  for  this  is  a  sign 
of  the  fundamental  making  its  ap¬ 
pearance  from  the  null  value.  In 
Fig.  IC,  the  unbalance  has  pro¬ 
gressed  to  almost  complete  disap¬ 
pearance  of  the  second  harmonic 
component.  In  Fig.  ID,  the  final 
output  of  complete  unbalance  is  an 
approximate  sine  wave  which  has 
a  phase  determined  directly  by 
which  of  the  alternate  set  of  peaks 
in  Fig.  IB  increased  in  height.  If 
the  bridge  unbalance  had  pro¬ 
gressed  in  the  opposite  direction, 
the  resulting  complete  unbalance 
signal  would  have  had  a  phase  dif¬ 
ference  of  180  degrees  from  the 
phase  shown. 

A  slight  phase  shift  in  the  fun¬ 
damental  frequency  occurs  as  the 
fundamental  takes  form.  The  shift 
makes  this  degree  of  reversal  pos¬ 
sible  from  the  low  and  high  peaks 
transition  into  the  final  frequency. 
This  shift  occurs  as  the  fundamen¬ 
tal  slides  over  sidewise  on  the  time 


MOSINEE  PAPER  MIUS  COMPANY  •  MOSINEE,  WIS, 
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Th*  HirM  6«E  p«rman«nt  magnets 


shewn  below  produce  an  auto 


motic  braking  effect  In  the  new 


Bristol  Electrematic  Reel  monu' 


factored  by  the  ttorton  Menu* 
facturing  Co.,  Bristol,  Conn. 


The  magnets  that  brake  your  reel 

Now  it’s  G-E  permanent  magnets  for  greater  accuracy 
in  casting.  The  permanent  magnets  shown  above  develop  a 
non-friction  braking  action  directly  in  proportion  to  the  speed 
of  the  plug.  Maximum  braking  is  applied  at  the  start  of  the 
cast  and,  as  the  spool  is  slowing  down,  the  braking  effect 
decreases  automatically. 

G-E  permanent  magnets  are  continually  finding  wide 
application  in  many  fields.  The  magnetic  reel  is  but  one  ex¬ 
ample  of  the  adaptation  of  an  industrial  magnet  engineering 
principle  to  an  entirely  different  field. 

Perhaps  there’s  a  use  for  G-E  permanent  magnets  in 
your  product.  Or,  you  may  wish  to  improve  your  present  mag¬ 
net  design  for  greater  efficiency.  Our  engineers  will  be  glad 
to  work  with  you  to  improve  your  product.  For  details  and 
your  free  copy  of  CDM-1,  G-E  PERMANENT  MAGNETS, 
write  Metallurgy  Division,  Section  CM-10,  Chemical  Department, 
General  Electric  Company,  Pittsfield,  Mass. 


MAGNETS 


Smooth  casting  action  with  the 
Bristol  Electromatic  Reel 

Thru*  G-E  Sintered  Alnico  magnets  are 
mounted  on  a  non-magnetic  plate  having 
adjustable  air  gap.  A  bi-metallic  disc  of 
copper  and  steel  mounted  on  the  end  of  the 
spool  cuts  the  lines  of  force  of  the  permanent 
magnets.  The  eddy  currents  induced  set  up 
eiectromagnetic  poles  which  repel  the  perma¬ 
nent  magnet  poles  producing  a  drag  on  the 
speed  of  the  spool.  Since  the  strength  of  the 
eiectromagnetic  poles  depends  on  the  speed 
of  rotation  of  the  spool,  this  braking  effect 
is  automatically  applied  at  all  times  in  just 
the  right  amount.  Outstanding  advantages  of 
this  new  reel  are  smooth  casting  action, 
greater  accuracy,  and  freedom  from  backlash. 


PERMANENT 


ir»ti»t  ir»  iilOVlTAlMn 


TUIES  AT  WORK 


(cMtiaMd) 


FIG.  2 — EmmUoI  portlona  of  ompUtud* 
discrtaninotor  omplifior  showing  ooscadod 
dlscriminofors  and  pulso  roshopor 


axis  to  help  eliminate  the  second 
harmonic.  This  particular  servo- 
system  was  designed  to  be  a  null¬ 
seeking  self-balancing  device  and 
these  slight  phase  errors  only 
slightly  affect  motor  speed  and  do 
not  affect  calibration.  Otherwise 
the  application  of  amplitude  dis¬ 
crimination  might  not  be  permis¬ 
sible  to  such  a  system. 

Discriminator  Amplifier 

In  the  circuit  of  Fig.  2,  the  first 
stage,  tube  Vi,  can  be  used  for  am¬ 
plification,  or  it  may  be  identical 
in  action  with  the  following  stage, 
including  tube  F„  in  which  ampli¬ 
tude  discrimination  takes  place.  In 
this  manner,  both  stages  together 
may  give  a  cascaded  tyiie  of  dis¬ 
criminator  action  to  extra  large 
signals.  However,  it  will  be  shown 
that  amplification  ahead  of  the  dis¬ 
criminator  is  most  desirable  in  that 
it  increase.*?  the  rapidity  with  which 
the  circuit  indicates  unbalance. 
This  is  similar  to  increasing  the  Q 
of  a  tuned  circuit.  Tube  V,  is  a 
driver  for  the  motor-operating 
stage.  It  delivers  a  sine  wave  at  the 
output  of  the  driver  transformer 
Tt  for  the  rectangular  input  from 
the  effects  of  amplitude  discrimina¬ 
tion  ahead  of  it.  This  motor-oper¬ 
ating  sine-wave  output  remains  al¬ 
most  constant  up  to  the  point  of 
complete  bridge  balance  at  which 
time  it  rapidly  changes  to  second 
harmonic  of  the  bridge  excitation 
frequency. 

The  motor-operating  signal  had 
a  frequency  of  60  cycles  to  be  adap¬ 
table  to  standard  power  line  sup¬ 
ply  as  well  as  portable  power  gene¬ 
ration.  Tubes  Vx  and  7,  are  nor¬ 
mally  biased  by  the  contact  poten¬ 
tials  developed  at  their  grids.  How¬ 
ever,  in  operation  the  positive 
peaks  of  the  signal  may  draw  grid 
current  and  so  bias  the  grids  to  a 
value  below  cut-off  in  an  amount 


when  a  cast  is  execnfed.  niese  gears  must  al^ 
withstand  the  strain  of  hauling  in  a  lighting  fish  of 
unpredictable  size  and  strength,  thus  rendering  a  dual 
purpose:  speed  and  velvety  smoothness  in  one 
direction— strength  and  durability  in  the  other. 

Instruments  and  machines  have  individual  gear 
problems.  For  over  a  quarter  of  a  century,  Quaker 
City  Gear  Works  has  solved  thousands  of  them 
and  produced  millions  of  gears  of 
every  description  up  to  60"  in  diameter 
for  manufacturers  in  many  diversified  industries. 

Aircraft  controls,  dental  drills,  electric  clocks, 
gauges,  indicators,  heat  controls,  machine  tools, 
radar,  radios,  washing  machines  and  motion  picture, 
projectors  are  but  a  few  of  the  many  conveniences 
of  modern  progress  which  depend  upon  the  > 
heartbeat  of-Quaker  City  Gears.  Your  gear  problem 
is  our  business,  our  large  productive 
capacity  is  at  your  service. 

yOUR  INQUIRIES  WILL  RECEIVE  PROMPT  AUENTION 


CttstotnoUc 


Outdoorsman 

,ove  is  but  one  or  m-x... 

,ped  by  our  engineers 

r  fully  equipped  pl^ 


1910  N.  Front  Street,  Philadelphia  22,  Pa 
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The  Cord 


On  Your  Product 


DISAPPOINTMENT 


SATISFACTION 


CORDITIS-FREE  CORDS 


WIREMAKER 
FOR  INDUSTRY 


O  IMS,  Briden  Manofftcturinv  Co.,  Chicago,  lit. 
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TUBES  AT  WORK  (cmHiimmI) 

essentially  equal  to  the  signal  am¬ 
plitude*  The  time  constants  of 
iSiCi  and  R/J,  should  correspond  to 
a  frequency  much  lower  than  the 
frequency  to  be  passed  by  the  am¬ 
plifier.  A  time  constant  of  0.1 
second  was  found  to  be  satisfactory 
in  discriminating  out  a  60-cps  sig¬ 
nal  from  the  envelope  of  the  second 
harmonic. 

Values  of  Ct  and  C«  are  eqoal  and 
their  time  constant  individually  in 
connection  with  resistor  R,  should 
correspond  to  a  frequency  of  thirty 
cycles.  The  value  of  C*  is  found  by 
experiment.  In  combination  with 
the  inductance  presented  by  Ti  it 
reshapes  the  output  signals  of  the 
transformer  to  the  closest  approxi¬ 
mation  of  a  sine  wave  that  condi¬ 
tions  permit. 

Amplifier  Operation 

If  the  output  signal  of  the  bridge 
to  the  amplifier  is  as  shown  in  Fig. 
3A,  then  the  output  of  tube  V,  act¬ 
ing  as  an  amplifier  is  an  amplified 
replica  of  the  signal  at  the  input 
to  the  grid  of  the  following  tube 
V,.  This  is  indicated  by  Fig.  3B. 

The  output  of  V,  appearing 
across  Ri  in  the  absence  of  the  in¬ 
tegrating  capacitor,  C,,  is  as  shown 
at  Fig.  3C.  This  signal  may  have 
almost  exactly  rectangular  wave¬ 
form  as  indicated  since  the  tips  of 
the  positive  peaks  are  flattened  by 
grid  current  into  the  high-resist¬ 
ance  grid  circuit.  Also,  the  small 
portion  of  the  waveform  between 
cut-off  bias  and  zero  bias  intercept¬ 
ed  on  the  transfer  characteristic  of 
the  tube  has  its  curved  sides 
straightened  by  the  curvature  of 
the  characteristic. 

The  introduction  of  the  integrat¬ 
ing  capacitor,  C,,  changes  the  ver¬ 
tical  edges  of  the  rectangular  pulses 
to  exponential  type  curves.  This  is 
shown  by  the  difference  between  the 
dashed  lines  and  the  solid  curved 
j  lines  in  Fig.  3D.  The  combined 
effect  of  Cb  and  the  inductance  of 
I  Ti  are  shown  by  the  approximate 
I  sine  waves  of  Fig.  3E  as  they  finish 
I  the  reshaping  of  the  pulses  into  a 
I  motor-operating  signal  of  greater 
efficiency.  This  signal  has  its  phase 
directly  related  to  the  higher  peaks 
of  the  second  harmonic  signal.  In 
this  manner  the  bridge  output  phase 
relationship  is  maintained  so  as  to 
provide  directional  response  of  the 


general®  electric 


SINGLE  SIDEBAND  SELECTOR 
frPE  YRS-1 


SUGLE  SIDEBAND  SELECmiTT 


NO  LOSS  of  AUDIO  RESPONSE 


WHEN  connected  to  a  conventional  communications 
receiver,  the  General  Electric  Single  Sideband 
Selector  Type  YRS-1  permits  single  sideband  reception 
of  modulated,  unmodulated  (CW)  or  single  sideband 
transmissions.  Although  the  system  provides  the  effect 
of  extreme  selectivity,  the  audio  fidelity  of  the  selected 
sideband  is  restricted  only  by  the  fidelity  characteristics 
of  the  receiver  itself.  Interference  on  either  sideband  can 
thus  be  minimized  without  impairing  the  quality  of  the 
signal  you  are  trying  to  copy. 

•  Single  sideband  reception  of  modulated,  unmodu¬ 
lated  (CW)  or  single  sideband  transmissions. 

•  Provides  the  effect  of  extreme  selectivity  without  re¬ 
striction  of  audio  fidelity. 

•  Push-button  selection  of  either  sideband— other  side¬ 
band  attenuated. 

•  Audio  distortion  associated  with  selective  fading  is 
greatly  reduced. 

•  Intelligibility  of  fading  signals  is  improved. 

•  Can  be  connected  to  practically  any  communications 
receiver  having  an  intermediate  frequency  of  ap¬ 
proximately  455  KC. 

•  Normal  operation  is  in  no  way  disturbed  when  single 
sideband  selector  is  not  in  use. 

For  complete  information  on  the  single  sideband  selector 
write:  GeneralElectric  Co., ElectronicsP  ark, Syracuse, N.  Y. 


October,  ?94<— ELECTRONICS 


T 


ns  GLASS 


that  gives  extra  performance 

^•YiTROTEX  “rr 


Anaconda  vitrotex  magnet  wire  withstands 
temperatures  up  to  130°  C.,  is  highly  flexible 
and  has  a  remarkable  space  factor.  All  this  is 
made  possible  by  insulation  of  alkali-free  glass 
—the  ideal  insulating  material  that  is  soft  as  silk 
and  is  comparable  to  steel  in  tensile  strength. 


Besides,  Vitrotex  offers  high  dielectric  strength 
and  a  smooth  surface  that  is  resistant  to  mois¬ 
ture,  acids,  oils  and  corrosive  vapors.  For  tight¬ 
er,  safer  coils,  to  operate  in  confined  spaces 
under  high  heat,  make  windings  of  Vitrotex. 
For  details  on  the  complete  line  of  Anaconda 
Magnet  Wire,  write  to  Anaconda  Wire  and 
Cable  Company,  25  Broadway,  New  York  4, 
New  York.  »»*« 


HE  GLASS  INSULAT 
MAGNET  WIRE 
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TRAP  FOR  A  PROFIT-SNATCHER 


save  time  •  save  materials 

Hard  to  imagine  how  a  minor  operation  like 
soldering  can  cut  into  profits,  or  effect  savings? 
Don’t  imagine!  Look  at  the  facts,  as  one  manu¬ 
facturer  recently  did  in  his  own  plant.  By  test,  he 
found  that  Alpha  Tri-Core  Rosin-Filled  Solder 
saved  him  22%  in  time  and  26%  in  materials,  as 
compared  with  ordinary  single  core  solders.  Make 
your  own  compatative  tests.  They  cost  you  noth¬ 
ing  . . .  and  you  save  dollars !  Send  today  for  a  - 
sample  supply  or  trial  order. 


NO  OTHER  SOLDER  HAS  THESE  ADVANTAGES 

ALPHA  TRI-CORE  ROSIN-FILLED  SOLDER 

•  3  flux  cores  of  99.9  %  pure,  non-plasticized, 

^  water-white  rosin  for  the  price  of  1 ! 

•  More  useful  solder  In  every  pound;  even 
distribution  of  flux  throughout;  .no  fluxless 

-C  areas  to  waste  soldering  time  or  solder! 

^  A  (  •  Faster  fluxing;  narrow  wall  between  cores 

^  iv\  and  outside  diameter  speeds  action,  re- 

|  \  \  /  quires  less  heat!  No  toxic  odors! 

M  •  Solderers  prefer  Alpha,  6  to  1 ,  by  actual  test. 

•  Greater  efficiency  In  small  soldering  oper- 
ations,  less  heat,  quicker  acting. 

•  I*'  addition,  Tri-Core  permits  the  use  of 
lower-tin-content  alloys  with  superior  sol¬ 
dering  results  to  that  obtained  from  ordi¬ 
nary  solders  with  5-15%  more  tin. 

•  Tri-Core  available  in  diameters  as  large  as 
'A",  and  heavier— down  to  .020,"  and  finer. 


SOLDER  SPECIALISTS 
FOR  OVER  58  YEARS 


other  ALPHA  PRODUCTS  include: 

TRI  CORE*ENERGIZED*ROSIN-FILLED  SOLDER; 
TRI-CORE  *'IEAK-PRUF’'  ACID  FIILED  SOLDER. 
SOLID  SOLDER  WIRE;  PREFORMS  Crosin  and 
acid  filledj;  BAR  SOLDER.  ANODES  AND  FOIL. 
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(A) 


INPUT 


in 


(0) 


FIG.  3 — Bridge  signals  of  slight  unbalance 
indication  passing  through  the  discrimina¬ 
tor  amplifier  to  be  discriminated  into  a 
signal  of  complete  unbalance 

drag  cup  motor  to  the  direction  of 
bridge  unbalance. 

Advantages 

From  the  change  in  the  output  to 
input  signal  waveform  of  Fig.  3, 
it  will  be  noted  that  only  a  slight 
bridge  unbalance  is  needed  to  give 
the  identical  change  of  signal 
arrived  at  through  complete  bridge 
unbalance  as  shown  in  Fig.  1.  Al¬ 
though  straight  amplification  of 
the  null  signal  along  with  automatic 
control  of  amplifier  gain  might  give 
almost  equivalent  results,  if  the  un¬ 
wanted  harmonic  signals  are  first 
removed,  there  are  other  important 
advantages  of  this  system  that  make 
it  very  desirable. 

If  a  measure  of  the  sensitivity 
of  the  bridge  circuit  is  assumed  to 
be  in  the  displacement  of  the  bridge 
variable  necessary  to  change  the 
output  signal  from  a  complete  null 
for  the  fundamental  frequency, 
while  the  harmonics  are  present  at 
a  maximum,  to  the  condition  where 
the  fundamental  is  a  maximum  and 
no  harmonics  are  present,  then,  am¬ 
plification  of  the  bridge  output  sig¬ 
nal  is  obtained  in  terms  of  a  small- 
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of  oscilloscope  to  fit 
any  fob  or  budget 

with  new  versatility,  stamina,  accuracy,  speeiS 


Heavy-dufy,  general  purpose  (WO-60C) — A  work  horse 
that  withstands  shock,  dampness,  dirt,  fluctuating  voitages. 
Plug-in  (5")  C-R  tube  permits  change  to  various  screen  persis¬ 
tencies.  Vertical  and  horizontal  amplifiers  practically  identical. 
Useful  range:  0.5  to  300,000  cycles.  Frequency  response:  +10% 
from  5  to  80,000  cycles.  Sensitivity:  0.056  peak-to-peak  volt  per 
inch.  Exceptionally  good  phase-shift  characteristics.  Shown 
above  measuring  the  vibration  of  a  synchronous  motor. 


D-c  and  lew-frequency  a-<  (WO-27A)_xhis  oscilloscope  also 
observes  a-c  and  d-c  simultaneously.  Frequency  range:  0  (d-c) 
to  100,000  cycles.  Flat  to  zero  cycles.  Uses  direct-coupled  bal¬ 
anced  amplifiers.  Timing  range:  1  to  30,000  cycles.  Single¬ 
sweep  and  blanking  circuits  permit  observation  and  photo¬ 
graphic  recording  of  one-time,  high-speed  transients.  Vertical 
amplifier  sensitivity:  0.084  volt  (d-c)  per  inch.  Shown  in  picture 
above  measuring  strain  of  test  specimen  in  tension. 


Portablur  wide  range  (WO-79 A)— Packed  with  laboratory 
features.  Ideal  for  h-f  circuits,  television.  Range:  vertical 
amplr.  +2  db  from  10  cycles  to  5  me.  Horizontal  amplr:  +2  db 
from  10  cycles  to  500  kc.  Vertical  deflection  sensitivity:  0.18 
rms.  volt  per  inch.  New  (3*)  C-R  tube  features  small  bright  spot 
and  distortionless  focusing.  Triggered  sweep  with  delay  net¬ 
work  .  .  .  saw-tooth  time  base.  Easy  signal  expansion  to  twice 
screen  diameter.  Shown  above  testing  a  television  receiver. 


last  word  in  vertntilify  (Laboratory-type  715-B)' _ Permits 

close  study  of  very  short,  sharp-fronted  pulses  and  unusual 
wave  forms.  Steady,  clear  traces  even  of  random  signals.  Ver¬ 
tical  amplr:  +1  db  from  5  cycles  to  11  me.  Horizontal  amplr: 
+2  db  from  3  cycles  to  500  kc.  Vertical  deflection  sensitivity: 
0.06  rms.  voit  per  inch .  .  .  saw-tooth  and  triggered  sweep  .  .  . 
time-interval  markers  (one  microsecond).  Handles  almost  any 
job  in  oscillography.  Shown  aligning  a  distribution  amplifier. 


Available  from  your  RCA  Laboratory  Measuring  Equipment  Distributor,  or  write  Dept.37-J 


RADIO  CORPORATION  of  AMERICA 


TEST  AMD  MEASURIMO  EQUIPMENT 


HARRISON.  M.  J. 
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fl*ttoico  out  pc*ks 

DUE  TO  GRID  CURRENT 


as  a  factor  of 


ZERO  signal 
rlate  current 


PLATE  CURRENT  PULSES 


INPUT  signal 


THERMEX  opoRS  vp  now  opportonitif s 
in  Plastics  Molding... TIMED  by  CRAMER 

Almost  instant  heating  of  preforms  prior  to  molding 
is  possible  with  the  Thermex  Red  Head  high  frequency 
dielectric  heating  unit,  a  development  of  The  Girdler 
Corp.  for  use  in  the  molded  plastics  industry. 

This  device  produces  high  frequency  heat  that 
originates  in  the  material  instead  of  being  applied  Jo 
H,  resulting  in  a  more  uniform,  stronger  product  .  .  . 
as  well  as  increased  production,  simplified  operations 
. . .  reduced  time  and  unit  costs. 

The  Thermex  unit  is  equipped  with  a  Cramer  Running 
Time  Meter  and  two  type  TEC  Time  Delay  Relays  that 
control  the  heating  cycle  with  two  distinctly  different 
characteristics  and  in 
any  selected  sequence. 

Another  where 

accurate  de> 

pendable  performance 
ore  assured  by  Cramer 


AVERAGE  OEVELOPEO 
GRID  BIAS 


FIG.  4 — DIscrtmiaator  oction  ollowine  in¬ 
put  irRquRnqr  to  pou  through  omplliUr 


er  displacement  producing  a  given 
change  of  signal.  Or  in  other 
words,  the  Q  of  the  bridge  is 
increased. 

The  circuit  automatically  intro¬ 
duces  gain  control  in  that  the  grid 
bias  continually  adjusts  itself  to 
signal  levels.  Final  maximum  out¬ 
put  is  soon  reached  with  a  small  in¬ 
put  signal  and  overloading  of  the 
output  does  not  occur  on  larger 
signals.  But  perhaps  the  greatest 
good  is  achieved  because  the  tips 
of  the  peaks  of  waveforms  of  radi¬ 
cally  different  shapes  can  be  some¬ 
what  depended  upon  to  produce 
pulses  in  the  discriminator  plate 
circuit  of  the  same  phase  and 
shapes.  Hence,  a  certain  amount  of 
flexibility  is  added  to  the  servo-sys¬ 
tem  in  allowing  the  input  to  the 
amplifier  to  operate  at  different 
levels  of  signal  distortion. 

Discriminator  Action 


The  dynamic  transfer  character¬ 
istic  of  the  discriminator  tube  is 
shown  in  Fig.  4  and  5  to  clarify  the 
separation  of  signals  by  this  ac¬ 
tion.  In  Fig.  4,  the  peaks  of  the 
incoming  signal  are  all  of  equal 
amplitude.  These  peaks  manage  to 
maintain  the  grid  bias  sufficiently 
low  enough  to  permit  the  positive 
tips  to  just  exceed  zero  bias  and 


A  WIDELY  USED  CRARER  DEVICE 
. . .  THE  SYNCHRONOUS  MOTOR 


Precision  built,  this  com- 
poct,  dep.ndabl.  p.rma- 
nent  mognet  typ.  motor  is 
the  idMl  pow.r  plant  (or 
tim.  control  instruments  re¬ 
quiring  constant  speed  at  o 
given  frequency.  For  com¬ 
plete  information,  write  for 
Bulletin  10A. 


FLATTENED  OUT  PEAKS 
DUE  TD  grid  current 


transfer 

character¬ 

istic 


ZERO  signal 
PLATE  CURRENT 


PLATE  CURRENT 
PULSES  FOR  HIGH 
PEAKS  ONLY 


INPUT  signal 


AVERAGE  OEVELOPEO  GRID  BIAS 


FIG.  5 — Discriminator  action  oUowing 
only  input  froqusncy  ol  highost  poaks  to 
pass  through  ampliiior 
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MAKE  A  116  DIFFERENCE  IN  RELIABILITY . . .  ECONOMY . . .  WEIGHT 


Under  the  most  severe  conditions  in  which  your  electronic  instal¬ 
lations  are  expected  to  operate,  Bendix*  regulated  dynamotors  will 
deliver  dependable,  uniform  voltage.  You  can  count  on  them  to  last 
longer,  too,  because  they  are  manufactured  with  the  same  painstaking 
care  which  has  made  Bendix  Aviation  equipment  famous  for  quality 
all  over  the  world.  Before  you  design,  write  our  engineering  depart¬ 
ment  for  detailed  information  on  Bendix  regulated  dynamotors. 


By— iwt>fs 


CarhM  MU  Vcitag*  Regal«tafs 


RED  BANK  DIVISION  of 

RED  BANK,  N.  J. 


Owtpwt  voltag«  centlairt  within  plu*  or 
minot  Z5%  at  rotod  lead,  with  as  much 
at  30%  input  vehago  varicrtion. 

Consistent  oMcUncy  of  osseciotod  oquip- 
mont  under  extremes  of  temperature, 
humidity,  altitude  and  vibration. 

Allows  the  use  of  smaller,  lighter,  less 
expensive  components  in  design  of  elec¬ 
tronic  equipment. 

Tube  life  materially  lengthened  due  to 
narrow  voltage  tolerances. 


Trademark 


4“ 


I  .  S'  ■ 


r. 


!■ 
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A  saparpte 
seal*  for 
every  range 
—  automat¬ 
ically! 


Large  S'/i" 
meter,  with 
18  separate, 
full  length 
scales! 


20,000  Ohms 
Volt  A.C. 
Volts,  A.C.:  2. 
Volts,  D.C.:  2. 
Milliomperas, 
Microamporos, 
Amperes,  D.C 


Ask  your  jobber, 
or  write  for  literature 


RANGES 

Model  221  Volt-Ohm-Milliommeter 
per  Volt  D.C.,  1,000  Ohms  per  Output:  2.5,  10,  50,  250,  1000 

Ohms:  0-2000  (12  ohms  center),  0-200,000 
.5,  10,  50,  250,  1000,  5000  (1200  ohms  center),  0-20  megohms  (120,- 

.5,  10,  50,  300,  1000,  5000 
c.c.,io,.oo,»o 

,  D.  C.:  100  Price,  Complete  with  test  leads  and  28-Page 

10  Operator's  Manual  . $69.85 

High  voltage  test  probe  for  TV,  radar,  x-ray 

and  other  high  voltage  tests,  also  available. 


SIMPSON  ELECTRIC  COMPANY 
52(X)-5218  W.  Kinzie  St.,  Chicago  44,  III. 
In  Canada:  Bach-Simpson,  Ltd.,  London,  Ontario 


FIG.  6 — Diilerent  waveforms  react  the 
some  to  discrimination  producing  almost 
identical  pulses 


S0  draw  grid  current  to  recharge 
the  grid  circuit  negatively.  Only 
that  portion  of  the  waveform  pro¬ 
jecting  above  the  'cut-off  bias  is 
capable  of  influencing  the  plate  cur¬ 
rent  of  the  tube. 

In  Fig.  5,  the  positive  peaks  of 
the  signal  alternate  in  amplitude. 
If  the  lower  peaks  are  below  cut¬ 
off  bias  they  have  no  effect  upon 
plate  current.  The  higher  peaks 
manage  to  exceed  the  zero  bias 
value  and  draw  grid  current  to 
maintain  an  average  grid  bias  pro¬ 
portional  to  their  amplitude.  In 
this  case  the  frequency  of  the  out¬ 
put  plate  current  pulses  corresponds 
to  the  frequency  of  the  fundamental 
modulating  the  envelope  of  the 
second  harmonic,  and  no  second 
harmonic  is  present  in  the  output 
since  there  are  no  plate  current 
pulses  to  represent  it. 

The  smaller  the  percentage  of  the 
signal  amplitude  that  corresponds 
to  five  volts  the  sooner  the  early 
stages  of  bridge  unbalance  indica¬ 
tion  can  be  completely  amplitude 
discriminated.  With  the  circuit 
shown  it  was  possible  to  cause  all 
vestige  of  second  harmonic  to  dis¬ 
appear  and  the  fundamental  to  be¬ 
come  a  maximum  with  one  twen¬ 
tieth  of  the  former  required  pri- 
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more  than  50  GRADES  OF  G-E  TEXTOLITE  LAMINATED  PLASTICS  ARE  AVAILABLE 


MOLDED-LAMINATED 
PARTS— T*xtolit«  is  custom 
meldod  diroctly  to  shop#. 
Molded  laminated  products 
are  among  the  strongest 
plastics  ports  produced. 


POST-FORMED  LAMINATES 
—Sheets  of  Textelite  lami¬ 
nated  plastics  are  custom 
formed  into  simple  shapes 
by  this  very  inexpensive 
method. 


GENERAL  ^  ELECTRIC 


tl^Qf  lilies  tK® 


If  you  arc  looking  for  an  excellent  high- temperature  in¬ 
sulation,  G-E  Textolite  grade  11514  is  your  answer.  But  there 
arc  other  grades  of  Textolite,  too  .  .  .  over  fifty  in  fact,  and 
EACH  grade  has  an  INDIVIDUAL  COMBINATION  of  prop¬ 
erties.  None  is  exactly  alike. 

It  is  this  wide  selection  of  materials  that  really  can  help 
you.  You  can  choose  a  grade  which  has  exactly  the  right 
properties  to  accurately  fill  your  particular  reauirements.  A 
better  product,  produced  at  less  cost,  is  often  tnc  result. 

Investigate  the  varied  grades  of  Textolite  and  the  five 
forms  in  which  it  is  produced.  You’ll  profit.  Plastics  Division, 
Chemical  Department,  General  Electric  Company,  Pittsfield, 
Mass. 


GET  THE  COMPLETE  STORY! 

Send  for  the  new  bulletin  G-E 
TEXTOLITE  LAMINATED 
PLASTICS  which  lists  grades. 


properties,  fabricating  instruc¬ 
tions  and  detailed  information 
about  the  five  forms  of  Texto¬ 
lite.  Fill  in  and  mail  the  coupon 
below  for  your  free  copy. 


LOW-PRESSURE  MOLDED 
PARTS  —  Exirumaly  large 
and  irregular  Textolite 
shapes  are  custom  melded 
by  the  low-pressure  lami¬ 
nating  process. 


Please  send  me  the  new  G-E  Textolite  laminated  plastics  bulletin. 


Name 
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Address. 


PLASTICS  DIVISION,  CHEMICAL  DEPARTMBIT 
GBIERAl  aECTRIC  COMPANY  (BA-10) 

ONE  PLASTICS  AVE.,  PITTSFiaD,  MASS. 


0-E  Textolite  grade  No. 
11514  is  constructed  of 
gloss  fabric  bonded  with 
o  0-E  silicone  resin.  This 
grade  willwithstond  pro¬ 
longed  exposure  to  tern 
perotures  OS  high  os 
250°C  and  has  a  low 
dielec*ric  less  factor. 


TEXTOLITE  LAMINATED  IS  SUPPLIED 


IN  FIVE  FORMS 


SHEETS,  TUBES,  AND  RODS 
—These  standard  shapes 
are  available  in  thousands 
of  sixes.  Up-to-date  manu¬ 
facturing  methods  facilitate 
quick  delivories. 


FABRICATED  PARTS— O.E. 
has  modern  fabricating 
equipment  to  machine  Tex- 
loIHe  laminated  plastics 
ports  to  your  own  specifi¬ 
cations. 


'  •  ,  ^  I 


!  TUtES  AT  WORK 


(CMtiniMd) 


FIG.  7 — Experimental  circuit  of  amplifier 
for  portable  use 


mary  control  displacement  at  the 
bridge  input. 

Stray  60-cycle  pickup  was  not  the 
nuisance  under  this  system  that  it 
was  under  ordinary  voltage  ampli¬ 
fication.  Such  pickup  did  not  modu¬ 
late  the  second  harmonic  nor  could 
it  otherwise  interfere  with  the 
higher  level  grid  signals  put  into 
use  by  this  method. 

Radically  different  waveshapes 
may  give  fundamentally  the  same 
output  pulses  in  the  discriminator 
plate  circuit.  The  curves  that  are 
shown  in  Fig.  6  show  how  this  may 
be  possible.  Those  parts  of  the 
curves  between  the  two  lines  repre¬ 
senting  cut-off  bias  and  zero  bias 
determine  the  frequency  of  the  out¬ 
put  pulses.  The  tips  of  such  wave 
variations  are  very  similar  in  shape 
and  become  even  more  so  in  the 
plate  circuit  of  the  discriminator 
as  they  draw  grid  current  and  are 
altered  by  curvature  of  the  transfer 
characteristic. 

In  Fig.  7  an  experimental  circuit 
for  adaptation  to  portable  use  is 
given  with  the  values  for  circuit 
components.  Only  the  amplifier 
unit  alone  is  shown  since  the  input 
and  output  controls  are  part  of 
other  developments. 

To  one  accustomed  to  thinking  of 
amplification  strictly  in  terms  of 
actual  amplitude  or  power  increase, 
it  is  surprising  to  see  the  output 
signal  anticipate  the  input  signal 
in  changing  its  waveform  while  no 
apparent  change  occurs  in  the  in¬ 
put. 


Type  BH6  is  £tvailable  up  to  100 
MC  and  can  be  furnished  to  meet 
all  standard  specifications,  military 
or  commercial.  This  means  your 
design  considerations  can  be  simpli¬ 
fied  by  elimination  of  unnecessary 
multiplier  stages.  Write  for  informa¬ 
tion  covering  latest  recommended 
oscillator  circuits  and  associated 
crystal  data. 


BLILEY  ELECTRIC  COMPANY 
UNION  STATION  SLDG.'ERIE, 


JOHNSON 


SINGLE 


SMALLEST 

AIR  VARIABLES 
EVER  PRODUCED 


Pictured  ore  three  of  the 
smallest  air  variables  ever 
produced.  Each  of  the  three 
types  is  available  in  four  dif¬ 
ferent  capacities. 


SINGLE  TYPE — Takes  the  place  of 
adjustable  padders  for  trimming  RF 
and  IF  oscillator  circuits.  Available 
in  four  models:  1.55  to  5.14  mmf, 
1 .73  to  8.69  mmf,  2. 1 5  to  1 4.58  mmf 
and  2.6  to  1 9.7  mmf. 


BUTTERFLY  TYPE  —  Applicable 
wherever  a  small  split  stator  tuning 
condenser  is  required.  Available  in 
four  models;  1.72  to  3.30  mmf,  2.10 
to  5.27  mmf,  2.72  to  8.50  mmf,  and 
3.20  to  1 1 .02  mmf. 


DIFFERENTIAL  TYPE— For  switch¬ 
ing  capacity  from  rotor  to  either  of 
two  stators,  and  for  shifting  tap  on 
capacity  divider.  Available  in  four 
models:  1 .84  to  5.58  mmf,  1 .98  to 
9.30  mmf,  2.32  to  14.82  mmf,  and 
2.67  to  19.30  mmf. 


For  Full  Details 

Write  For  Latest  JOHNSON  Catalog 


E.  F.  JOHNSON  CO. 

WASECA,  MINNESOTA 
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AUTOMOTIVE 


AIRCRAFT 


RAILWAY  CARS 


FURNITURE 


MARINE 


electrical 


PLASTICS 


appliances 


Am^riran  Scr^w  Co. 
Camfsr  Produfts  Ci 
Cfntral  Scffw  Co 
(:ontinrnt.il  Srrow  C 
Ccrbin  Scrm  Oiv  i 
Amoritan  Hd»r, 
El(o  Toni  4  Srrrw  c 
Thr  H  w  Harprr 
Eam^nrt  A  Srssinns 
Milinrd  Hunt  and  I 
Nalional  Lock  Co. 


Ruscfll  Bucdsall  4.  Ward 
BoK  4  Nuf  Co 
Scovill  Manufacturing  Co. 
Seaboard  Serf*  Corp 
Shakrproof  Inc. 

The  Southington  Hardware  I 
The  Steel  Company  of  Canai 
Sterling  Bnit  Co 
Strnnghold  Sere.  Products. 
Wales. Beech  Corn 


National  Sen.  4  MIg 
Ne.  England  Sere.  Ci 
Parker.  Kainn  Corporati 
Pa.turkrt  Sere.  Co 
Pbeoll  Manufacturing  ( 
Reading  Sere.  Co 


Rockford  Sere.  Pre 


ARE  ACCEPTED  AS 

STANDARD 

IN  ALL  INDUSTRIES 


One  cross  recessed  head  screw, 
PHILLIPS,  is  the  accepted 
standard  throughout  industry. 
In  the  13  years  since  its  intro¬ 
duction,  its  many  advantages 
have  been  recognized  and 
applied  in  every  field  of  manu¬ 
facture. 

For  example,  virtually  the  entire 
automobile  industry  has  stand¬ 
ardized  on  Phillips  Screws— 
lists  them  in  their  Standards 
Book.  Similarly,  Phillips  Screws 
are  standard  in  most  of  the  larg¬ 
est  aircraft  plants.  Manufacturers 
of  every  type  of  screw-fastened 
assembly,  large  and  small,  use 
Phillips  Screws  exclusively. 

Such  universal  acceptance  by 
industry  is  the  best  possible  evi¬ 
dence  that  Phillips  ^rews  alone 
have  all  the  qualifications  essen¬ 
tial  to  a  standard  cross  recessed 
head  screw.  For  unequalled 
mechanical  advantages,  for 
dependable  uniformity,  for 
unlimited  supply  potential,  for 
universal  acceptance,  yon  can 
depend  on  PHILLIPS. 


w!ru  ASSSMBIY 


GET  THIS  NEW  BOOKLET  of  facts  Ihot  prove 
the  top  voloe.  top  economy  of  Phillip*  Recessed 
Heod  Screw*.  If,  free  . .  use  the  coupon. 


HEAD  SCREWS 


Phillips  Screw  Mfrs.,  I 

Co  Horten-Noye*  Co.  1 

1800  Industrial  Trust  Bldg. 
Providence,  R.  I. 

Send  me  fhe  new  booklet -"How 
Heod  Screws  for  Practical  Product! 


Nam# 


Company 


Addrotf 
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Look  for  GRAPHITE  ANODES  when 
you’re  looking  for  BETTER  TUBESl 


Speer 


CARBON  COMPANY 
ST  MARYS  PENNA 


Extensive  research,  production  and  test¬ 
ing  by  the  United  Electronics  Company 
and  other  tube  manufacturei«  working 
jointly  with  Speer,  has  revealed  that 
graphite  —  the  only  real  low  temperature 
anode  —  provides  these  outstanding  ad¬ 
vantages  in  transmitting  tubes: 

1 .  Higher  Ratings— Tubes  with  Speer 
Graphite  Anodes  radiate  heat 
faster,  handle  200  to  300%  more 
power  than  anodes  made  of  pop¬ 
ular  metals. 

2.  Greater  Stability  at  High  Inputs 
—  Even  when  tubes  are  operated 
in  the  neighborhood  of  100  Mc’s 
or  over,  Speer  Graphite  Anodes 
will  not  warp. 

3.  Longer  Life  —  Even  under  con¬ 
tinued  severe  usage.  Graphite 
Anode  tubes  last  longer  than 
metallic  anode  tubes  because  they 
operate  at  lower  temperatures. 


To  meet  the  demands  of  modern 
equipment  for  superior  tube 
performance,  leading  manufac¬ 
turers  use  Speer  Graphite  Anodes 
for  oscillators,  amplifiers,  doub¬ 
lers,  modulators  and  rectifiers— 
your  assurance  of  cooler,  more 
efficient  tube  operation. 

4523 


brushes  *  costMts  •  weMmt  els etredes  •  traphiti  aeodes  •  rlieostat  discs  •  MCbint  rmfs  •  carbee  parts 

CHICAGO •CIEVEIANO* DETROIT •MIIWAUKEE* NEW  YORK' PITTSBURGH 


THE  ELECTRON  ART 

(continued  from  p  130) 


FIG.  1 — (A)  Bosic  principlo  of  Millor  oifect 
froquency  modulator  circuit  doponda  on 
variation  of  load  resistance  of  tube  reflect¬ 
ing  a  variable  capacitance  across  its  input. 
In  practical  adaptation  of  this  principle  (B) 
modulotor  tube  is  placed  across  oscillator 
and  has  a  vacuum  tube  for  load 

cuit  shows  that,  in  the  general  case, 
the  input  admittance  between  grid 
and  cathode  has  both  real  and 
imaginary  components.  But  if  the 
load  is  purely  resistive,  as  in  this 
special  case,  and  the  grid-plate  and 
grid-cathode  capacitances  are  of 
the  same  order  of  magnitude  and 
the  product  of  frequency,  grid-plate 
capacitance,  plate  resistance  and 
load  resistance  is  considerably  less 
than  unity,  the  input  becomes 
purely  capacitive.  This  input  ca¬ 
pacitance  is  equal  to  Cos  +  Cor 
(1  -f  A),  and  its  dependence  on  the 
amplification  factor  of  the  tube  and 
,  plate  circuit  conditions  is  familarly 
known  as  the  Miller  effect. 

!  Pure  negative  (capacitive)  re¬ 
actance  can  thus  be  injected  into 
the  tank  circuit  without  the  need 
for  phasing  circuits  or  multigrid 
tubes;  the  only  requirement  is  that 
j  the  plate  load  be  purely  resistive, 
j  To  produce  the  frequency  modula- 
I  tion,  the  gain  A  of  the  tube  is 
j  varied  by  the  additional  elements 
I  shown  at  Fig.  IB.  The  amplifica- 
I  tion  of  the  modulator  tube  is  varied 
!  by  placing  in  its  plate  circuit 
another  tube  as  load  which  behaves 
as  a  variable  resistance  dependent 
on  the  audio-frequency  signal  volt- 
.  age.  The  oscillator  tube  is  con- 
1  nected  in  a  Hartley  circuit. 

I  Because  both  cathode  and  grid 
of  the  load  tube  operate  at  r-f 
j  potentials,  it  is  necessary  to  use 
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MEaSORE  HIGH  VaCUGM 

ACCURATELY,  EASILY,  ECONOMICALLY,  WITH  DPA.37 
our  newest  Ionization  Gauge  Control  Circuit 


The  DPA-37  is  DPI’s  newest  Ioni¬ 
zation  Gauge  Control  Circuit.  It  meas¬ 
ures  all  the  pressures  commonly  met 
in  high-vacuum  diffusion  pump  work. 
And  it  incorporates  all  the  desirable 
features  you  would  look  for.  For 
example: 

DPA-37  is  fnsHivB — Using  the  high¬ 
ly  sensitive  VG-lA  Ionization  Gauge 
Tube,  DPA-37  measures  from  .0025 
mm  to  .0000005  mm  of  Hg  in  four 
ranges  by  means  of  a  specially  de¬ 
signed  amplifier  circuit.  The  zero  set¬ 
ting  may  be  checked  instantly  without 
interrupting  normal  operations. 

DPA-37  is  easv  to  operate— ‘There 
are  a  minimum  of  steps  necessary  for 
taking  a  pressure  reading.  Just  two 
dial  adjustments — and  the  pressure  is 


obtained  by  multiplying  the  dial  read¬ 
ing  by  the  scale  factor.  No  calibration 
charts  needed. 

DPA-37  is  easy  to  maintain — All  cir¬ 
cuit  tubes  and  nearly  all  other  parts 
are  standard  radio  type  for  simple,  in¬ 
expensive  maintenance.  Less-than-nor- 
mal  loads  on  component  parts  assure 
long  life  for  the  circuit. 

DPA-37  is  economical — Lower  fila¬ 


ment  current  (only  2  MA)  and  a  built- 
in  automatic  overload  relay  result  in 
maximum  life  for  the  VG-lA  Ioniza¬ 
tion  Gauge  by  protecting  it  from  the 
most  abrupt  surges  of  pressure. 

The  price  for  the  DPA-37  panel 
mounted  is  $350.  The  cabinet  mounted 
model  illustrated  is  $365.  DPA-37 
gives  you  more  per  dollar — costs  less 
in  the  long  run.  For  a  more  complete 
description  of  its  features,  write— 


PlSTILUmON  PklODUCTS.iNC. 

727  RIDGI  ROAD  WIST  •  ROCHISTIR  13,  N.  Y. 


570  Lexington  Avonuo,  Now  York  22,  Now  York 
135  South  LoSollo  Stroot,  Chicago  3,  Illinois 


HanuIacturmrB  oi  Moltcular  Stillt  and  High-Vacuum  Equipment;  Dietillmrt  o/  OiJ-SoluhJa  Vitaminn  and  Other  Concentrates  lor  Science  and  Industry 
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MACALLEN  MICA  J 

F  ALL  FORMS,  ALL  QUANTITIES  —  ALL  DEPENDABLE  J 


when  you  think  of  MICA,  think  of  MACALLEN 

THE  MACALLEN  COMPANY  e  16  MACALLEN  ST.,  BOSTON  27,  MASS. 

CHICAGO:  S65  W.  WASHINGTON  IIVD  •  CllVllAND:  123  1  SUHKIOR  AVI. 


FIG.  2 — Frequency  modulation  radiotele¬ 
phone  train  onteima  wae  located  near  loco- 
motWe  to  create  most  adverse  noise  prob¬ 
lem  for  purposes  of  testing 

of  the  oscillator.  Drift  of  the  oscil¬ 
lator’s  center  frequency  is  easily 
counteracted  by  superimposing  a 
compensating  voltage  obtained  by 
usual  automatic  frequency  control 
techniques  on  the  battery  voltage. 
Although  the  frequency  stability  of 
this  circuit  is  inherently  compar¬ 
able  to  that  of  all  direct  f-m  cir¬ 
cuits,  the  simplicity  of  this  circuit 
reduces  the  difficulties  of  stabiliz¬ 
ing  frequency.  Of  course,  the  fre¬ 
quency  of  the  oscillator  can  be 
stabilized  by  a  quartz  crystal,  in 
which  case  the  Miller  effect  modula¬ 
tor  can  produce  phase  modulation, 
which  can  be  used  directly  or  fed 
to  multiplier  stages. 

Experiments  with  Radiophone 

This  new  modulator  circuit  has 
been  used  in  equipment  built  for 
the  Italian  State  Railways  to  de¬ 
termine  the  feasibility  of  very  high 
frequency  radiotelephone  communi¬ 
cations  between  a  moving  train 
and  a  fixed  ground  station. 
Troubles  from  microphonics  en- 


THE  ELECTRON  ART  (continued) 

r-f  chokes  to  separate  the  r-f  and 
a-f  portions  of  the  circuit.  The 
battery  provides  the  proper  bias 
for  maximum  linearity  between  a-f 
input,  internal  resistance  of  the 
load  tube,  and  frequency  deviation 
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TURnER  U9S  Dvnnmic 

.  .  .  WITH  NEW,  IMPROVED, 
HEAVY  DUTY  IMPEDANCE  SWITCH 


JRtO 
Vl>  OHlis 
BLACK 

HI  WrtDANCt 
1  WMITt 


TURNER^ 

Lvm^ 


Adjustable  saddle  permits  semi- 
or  Hon -directional  operation.  Fits 
any  standard  microphone  stand. 
(Desk  stand  as  sboun  at  extra  cost.} 


INSTANT  SELECTION  OF  FOUR  IMPEDANCES 


The  outstanding  dynamic  in  its  held,  made  even  better  with  a  new, 
long'life,  trouble-free  metal  switch,  designed  exclusively  for  Turner. 
Professional  in  appearance  and  performance.  High  in  convenience. 
Built-in  tapped  multi-impedance  transformer  with  improved  4-position 
switch  gives  positive  selection  of  50,  200,  500  ohms,  or  high  impedance 
output.  One  microphone  senes  any  standard  equipment.  Voice  coil  and 
transformer  leads  are  insulated  from  ground  and  microphone  case. 
Line  is  balanced  to  the  ground.  Engineered  with  smooth  wide-range 
response  from  40  to  9000  c.p.s.  Level:  52  db  below  1  volt/dyne/sq.cm, 
at  high  impedance.  Richly  finished  in  baked  gun-metal. 

The  Turner  "U9S”  is  widely  recommended  for  broadcast,  public 
address,  communications,  sound  systems,  recording,  and  general  pur¬ 
pose  applications. 


MODEL  “U9S'' 

LIST  PRICE 


Compl«t«  with  20-H.  balanced  line 
quick-change  shielded  cable  set. 


Cedar  Rapids,  Iowa 


Licensed  under  U.  S.  patents  ot  the  American  Telephone  and 
Telegraph  Company,  and  Western  Electric  Company,  Incorporated. 


ELECTRONICS  — October,  194« 


For  AIRCRAFT 
RADIO 


the  aircro.. 

crystal  '’oW®'  <.„d  chock  nto. 

Hermetically  s  ^  ,ceqoency  ran' 

ture  ho\ders  005%  .  These  < 

^  with  tolerances  -  ^  ^^^peroture 

tal  units  opera  Resigned  ♦© 

ere  operating  conditions. 
n,ost  severe  op 

or  wire  leads. 


nov/ 


Standar 


Write  for  Bulletin  RHC-X 


■VES^HOFFMAN 

CORPORATION 

CHERRY  AND  NORTH  STREETS  •  CARLISLE,  PA. 


THE  ELECTRON  ART  (continutd) 

counted  with  reactance-tube  modu¬ 
lators  were  eliminated  by  usine  the 
Miller  effect  modulator  anM^- 
quency  stability  was  bett^^'  ^Mse 
tests  were  made  on  carrmi^l^ii^ 
quencies  around  110  me  Ath  40 
watts  output  from  the 
ters.  For  tests  the  antenn^HMjF 
train  was  purposely  placed 
coach  next 'to  the  electric 
tive,  as  shown  in  Fig.  2.  Thl^Bb»: 
trifled  sections  of  the  right-oj|J|y 
use  3,000-volt  overhead  lineW^ 
train  is  drawn  by  a  3,000  hp  loco¬ 
motive. 

The  transmitter  consisted  of  a 
Miller  effect  modulator  using  a 
12J5GT  and  a  12AH7GT,  a  12A6 
oscillator  multiplier,  12A6  fre¬ 
quency  doubler,  832  frequency  trip- 
ler,  and  829B  power  amplifier.  A 
totaf  frequency  multiplication  of 
18  is  obtained  to  produce  a  modu¬ 
lation  index  of  4,  which  is  sufficient 
to  give  suitable  noise  suppression 
despite  the  adverse  antenna  loca¬ 
tion  and  the  change  in  signal 
strength  because  of  the  cuts  and 
built-up  suburban  districts  through 
.which  the  24  miles  of  track  between 
Rome  and  Tivoli  pass. 

Repeated  tests  on  this  line  have 
consistantly  indicated  the  possibil¬ 
ity  of  establishing  satisfactory 
commercial  quality  radiophone 
communication  between  the  moving 
train  and  a  fixed  station  at  Rome 
with  the  exception  of  those  places 
where  the  line  enters  tunnels  of 
considerable  length  near  Tivoli. 


Precision  Circuit  Printing 

By  Clifton  Tuttle 

Vice  President,  Research  A  Development 
Kenyon  Instrument  Co..  Inc. 
Huntington  Station,  N.  Y. 


Printing  electronic  circuits  has 
two  advantages;  it  decreases  the 
size  and  weight  of  the  circuit 
chassis  and  components,  and  it 
makes  production  more  economical 
through  elimination  of  wire  solder¬ 
ing  and  lessening  of  the  numbers  of 
units  rejected  because  of  errors  in 
manual  assembly.  Both  advantages 
are  either  directly  or  indirectly  en¬ 
hanced  by  the  ability  to  reproduce 
conductive  patterns  with  geomet¬ 
rical  precision. 

The  process  developed  by  this 
company  is  capable  of  high  resolu¬ 
tion  of  details  in  the  production  of 
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THE  KOLLSMAN  SYNCHRONOUS  DIFFERENTIAL 
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The  Kollsman  Synchronous  Differential  solves 
many  difficult  problems  for  the  design  engineer. 

It  is  an  elearo-mechanical  error  detector  with 
mechanical  output  for  use  in  position  or  speed 
control  servo  systems. 

This  unit  is  composed  of  two  small  synchro-  ' 
nous  motors  and  a  mechanical  differential  in  a 
completely  enclosed  frame.  The  14"  threaded 
output  shaft  turns  at  a  rate  equal  to  1/2  the  dif¬ 
ference  of  the  individual  speeds  of  the  two 
motors.  When  the  input  frequencies  are  equal, 
the  shaft  remains  stationary. 

The  efficiency  of  this  unit  is  greatly  increased 
by  the  use  of  hysteresis-type  motors.  These 


motors  yield  the  greatest  running  torque  found 
in  self-starting  synchronous  motors.  The  units 
now  being  produced  are  designed  to  operate  from 
a  three-phase  source  over  a  15-60  cycle  frequency 
range  with  an  input  voltage  of  .007  times  the 
frequency,  in  cycles-per-minute.  Similar  units 
wound  for  higher  voltages  and  two-  or  single¬ 
phase  operations  are  also  available. 

The  Synchronous  Differential  is  but  one  of  a 
complete  line  of  special  purpose  motors  de¬ 
veloped  by  Kollsman  for  remote  indication  and 
control  applications.  Write  for  further  informa¬ 
tion  to:  Kollsman  Instrument  Division,  Square 
D  Company,  80-64  45  th  Avenue,  Elmhurst,  N.  Y. 


KOLLSMRN  INSTRUMENT  DIVISION 


SqURRE n  COMPANY 
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Nickel  Silver 
springs 


Nickelfplaled 
brass  sleeve 


Silver  conlacis 


ALL  ADC  JACK 
PANELS  NOW  CONTAIN 
THESE  NEW  ADC  JACKS 


Oiet  S''*"® 


Your  Customers  Get 

ALL  THESE  BENEFITS 


Jobbers!  Send  for 
Catalog  and  samples 
TODAY! 


The  new  streamlined  design  of  ADC 
Jacks  uses  heavier  gauge  metal  for  greater 
strength.  The  frame  is  die-formed  and 
press-welded  for  utmost  rigidity  and 
dimensional  accuracy. 

Silver-alloy  contacts  and  genuine 
Nickel  Silver  springs  guarantee  corro¬ 
sion  resistance,  even  under  the  most 
humid  conditions. 

All  the  way  through,  the  new  ADC  is  a 
better  jack!  If  you  require  top  quality 
and  precision-made  components,  ADC 
Jacks  merit  your  first  consideration. 


;4ucUa  DEVELOPMENT  CO 

^tuUo  tAc 

2847  13th  AVE.  SOUTH  •  MINNEAPOLIS  7,  MINN. 


A  commutator  formed  in  ceramic  and  a  cir¬ 
cuit  formed  on  top  and  bottom  of  a  thin, 
transparent  plastic  sheet 

patterns  because  it  is  basically  a 
photographic  reproduction  method. 
Commercial  photographic  materials 
usable  in  this  process  are  capable  of 
resolving  lines  less  than  0.0005  inch 
in  width  which  are  separated  by 
spaces  of  the  same  width.  This  in¬ 
herent  dimensional  accuracy  of  the 
photographic  material  may  be 
realized  in  accuracy  of  circuits  or 
other  patterns  reproduced  by  the 
method. 

Description  of  the  Process 

The  first  steps  in  the  process  are 
merely  the  following  of  the 
standard  procedure  of  photo¬ 
graphy  :  printing  opaque  and  trans¬ 
parent  copies  either  by  contact  or 
by  optical  projection  (at  any  de¬ 
sired  reduction  ratio)  onto  a  com¬ 
mercial  silver  halide  emulsion.  This 
emulsion  may  be  coated  either  as  a 
photographic  plate  or  film.  Follow¬ 
ing  exposure,  the  image  is  devel¬ 
oped  in  the  conventional  manner, 
resulting  in  the  reduction  of  the 
silver  halide  to  metallic  silver  par¬ 
ticles  imbedded  in  the  gelatine. 
These  silver  particles,  because  they 
are  buffered  by  nonconductive  gela¬ 
tine  do  not  form  a  conductive  layer. 
In  fact,  the  resistance  of  the  con¬ 
ventional  photographic  image  area 
is  of  the  same  order  of  magnitude 
as  that  of  the  nonimage  area. 

The  next  step  in  the  process  is 
one  of  physical  replacement  of  the 
image  areas  by  other  materials. 
Silver,  carbon,  graphite,  or  other 
substances  obtainable  in  finely  di¬ 
vided  powder  form  can  be  used. 
By  this  replacement  the  original 
base  material,  glass  or  film,  bears  a 
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Varglas  Non -Fray  Sleeving 
Chosen  by  Yale  &  Towne  Mfg.  Co.  for  Articulated  Iron 


formance  of  the  “Tip-Toe”  Iron#  supports  Yale 
&  Townes  selection  of  VARGLAS. 

For  insulation  problems  of  even  more  difficult 
nature,  VARGLAS  Silicone -impregnated  Sleev¬ 
ing  and  Tubing  offer  a  range  of  reliable,  super¬ 
performance  insulating  materials  that  success¬ 
fully  work  through  temperatures  from  500°  F 
down  to  — 85°  F.  These  war-developed  insulators 
won  their  ratings  through  meeting  the  drastic 
demands  of  military  aircraft  for  high  dielectric, 
low-space,  dimensionally  stable  insulating  media 
that  could  serve  in  all  temperatures  encountered 
from  sea-level  to  substratosphere  zones.  We  also 
supply  VARGLAS  treated  and  untreated  Lite-wall 
Sleevings  (ECC-A  and  ECC-B). 

Write  for  free  samples  and  specifications  of  these 
Fiberglas  and  Silicone  Sleevings. 


On  the  leads  across  the  jointed  sections  of 
a  hot  iron  is  a  “hot  spot"  for  insulation.  High 
temperatures  and  frequent  flexing  combine  here 
to  make  the  insulation  job  especially  difficult. 
Yale  &  Towne  Mfg.  Co.  found  the  answer  In 
VARGLAS  Non-Fray  Sleeving,  Type  HP. 

VARGLAS  HP  Non-Fray  Sleeving  is  formed 
of  Fiberglas  braid.  Durability,  especially  under 
flexing,  is  increased  through  the  “normalizing” 
process.  A  color  is  added  to  the  Fiberglas  for 
identification  purposes.  The  satisfactory  per- 


VARFLEX  Corporation,  308  n.  Jay  st.,  Rom«,  n.  y. 

Please  tend  me  your  free  folder  containing  samples  of  your  different  types 
of  electrical  insulation.  I  am  particularly  interested  in  samples  suitable  for 
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THE  ELECTRON  ART  (coitHniwd) 

faithful  and  stTongly  adhering 
replica  of  the  original  image  in 
relief.  The  definition  of  detail  in 
this  new  pattern  is  influenced  only 
by  the  photographic  image  defini¬ 
tion  and  the  fineness  of  the  powder 
used  in  the  replacement  step.  ,  At 
this  point  in  the  process,  the  pat¬ 
tern,  if  it  is  conductive,  can  be  elec¬ 
troplated  to  build  any  desired  thick¬ 
ness. 

Because  the  original  base,  film  or 
plate,  is  usually  mechanically  or 
electrically  unsuitable  for  the  ulti¬ 
mate  use  of  the  circuit  or  pattern, 
a  final  step  is  usually  required.  The 
entire  pattern  is  transferred  to  a 
new  base  material.  Several  differ¬ 
ent  types  of  transfer  material  are 
possible.  It  may  be  a  thermoplastic 
or  thermosetting  resin  or  a  cera¬ 
mic. 

Most  experience  has  been  with 
transfer  to  a  thermosetting  poly¬ 
ester  resin.  The  resin  may  be  clear 
or  mixed  with  a  filler  such  as 
asbestos  fiber.  To  accomplish  the 
transfer  step,  the  image-bearing 
film  is  placed  face  upwards  on  a  flat 
or  curved  plate.  A  hollow  rectangle 
of  polyvinyl-alcohol  sheeting  is 
placed  around  the  part  to  serve  as 
a  dam  for  the  viscous  casting  resin, 
and  the  polyester  co-polymer  with 
a  slight  amount  of  added  catalyst  is 
poured  over  the  surface.  The 
material,  while  in  its  viscous  state, 
fills  the  interstices  between  the  pat¬ 
tern  segments.  After  the  resin 
sets,  the  pattern  becomes  mechanic¬ 
ally  imbedded  and  probably  chemic¬ 
ally  bonded  to  the  polyester  resin. 

As  a  final  step,  the  casting  is 
lifted  from  the  base  plate  and  the 
original  film  base  is  removed  with 
a  differential  solvent  which  leaves 
the  resin  base  untouched.  The  pat¬ 
tern  surface  is  then  flush  with  the 
base  surface  in  which  it  is  im¬ 
bedded. 

Aside  from  the  obvious  applica¬ 
tions  of  the  described  technique  to 
the  now  conventional  printed  cir¬ 
cuit  production,  it  is  possible  that 
other  uses  may  occur  to  the  engi¬ 
neer.  There  may  be,  for  instance, 
some  applications  in  the  scientific 
instrument  and  optical  fields. 

A  few  of  the  applications  that 
have  been  considered  are:  (1) 
formation  of  complicated  conduc¬ 
tive  patterns  to  be  used  as  com¬ 
mutators,  (2)  making  tapered  re- 


D.  C.  AMPLIFICATION 

at  moderate  cost 


The  Microsen  Balance  principle,  developed  in  our 
electrical  instrument  laboratory,  makes  possible  for 
the  first  time  at  moderate  cost,  a  D.  C.  Amplifier 
incorporating  High  Stability,  Fast  Response,  Isolated 
Input,  and  Versatility. 

Models  available  include  Voltage,  Current  and 
Potentiometer  Type  Amplifiers,  Direct  Current  Con¬ 
verters,  Direct  Current  Transformers,  and  Engi¬ 
neered  Designs  to  meet  special  requirements. 

Line  voltage  variations  of  15%  cause  output 
changes  of  less  than  .5%.  No  mechanical  rectifiers 
or  choppers.  Standard  tubes.  Time  constant  from 
.001  to  .2  seconds.  Drift  less  than  5  Microvolts  per 
day.  Not  affected  by  temperature  variations. 

May  we  send  you  our  bulletin  143-E. 


MICROSEN 

D.  C.  AMPLIFIER 


Product  of 

MANNING,  MAXWELL  &  MOORE,  INC. 

BRIDGEPORT  2,  CONNECTICUT 

Makers  of  'American'  Industrial  Instruments,  Hancock  Valves,  Ashcroft  Gauges,  Consolidated  Safety  and 
Relief  Valves.  Builders  of  ‘Show-Box'  Cranes,  'Budgit'  and  'load-lifter'  Hoists  and  other  lifting  specialties. 
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PIWAGNETS  may  be  your  answer,  too. 


^Packaged  Energy**  Saves  Size,  Weight,  and  Cost 


Every  day,  Indiana  permanent  magnets  are  opening  new  fields, 
bringing  new  opportunities  to  science  and  industry.  From 
magnetic  can  openers  to  cosmic  ray  research,  these  permanent 
magnets — of  new  designs  and  increased  efficiency — enable 
equipment  to  do  a  better  job.  They  add  new  functions  .  .  .  step 
up  performance  .  .  .  cut  costs.  These  magnet  developments  can 
mean  extra  profits  for  you — for  “packaged  energy”  may  have 
direct  application  to  your  own  methods  and  products. 

Our  specialists  have  a  complete  range  of  magnetic  alloys 
for  casting,  sintering,  or  forming  permanent  magnets  as  large 
or  as  small  as  you  need.  Strict  supervision  of  every  step  in  pro¬ 
duction  assures  magnets  of  exact  characteristics,  both  mag¬ 
netic  and  mechanical.  The  experience  and  know-how  of  more 
than  25,000  different  applications  are  at  your  service.  Let  us 
help  you  with  your  magnetic  problems,  too.  Write  today. 


%  Indiana — world’s  largest  exclusive  producer 
of  permanent  magnets — is  the  only  manufacturer 
furnishing  all  commercial  grades  of  permanent 
magnet  alloys.  The  most  commonly  used  are: 


CAST: 

Alnico  I,  II,  III,  IV,  V,  VI,  and  XII; 
Indalloy;  Cunico;  Cobalt. 

SINTERED: 

Alnico  11,  IV,  V;  Indalloy;  Vectolite. 
DUCTILE: 

Cunico;  Cunife  I  and  II;  Silmanal. 
FORMED; 

Chrome;  Cobalt;  Tungsten. 


Ask  for  free  Book  No.  4-ElO  —  our  ne»  perma¬ 
nent  magnet  reference  manual.  A  note  on  your 
company  letterhead  will  bring  a  copy  to  your  desk. 


THE  INDIANA  STEEL  PRODUCTS  COMPANY 


PIODUCERS  OF  “PACKAGED  ENERGY" 

A  NORTH  MICHIGAN  AVENUE  •  CHICAGO  2,  ILL 


SPECIALISTS  IN  PERMANENT  MAGNETS  SINCE  IVOR 
PLANTS:  VALPARAISO,  INDIANA;  CHAUNCEY,  N.Y. 
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THE  ELECTRON  ART  (continued) 

sistors  of  any  complex  function  for 
resistajice  pots  in  computor  sys¬ 
tems.  (3)  making  durable  and  dec¬ 
orative  nameplates  and  dials  for 
instruments,  (4)  making  grid  pat¬ 
terns  for  radioactivity  and  x-ray 
screens,  using  lead,  gold  or  the  new 
Hevimet  alloy  as  the  powdered 
metal,  (5)  making  thermocouple  or 
thermistor-bolometer  elementary 
mosaics,  and  (6)  production  of 
optical  grids  of  greater  durability 
and  stability  than  photographic 
grids.  The  first  two  applications 
require  smoothness  durability  of 
the  conductive  coatings  to  with¬ 
stand  the  action  of  a  moving  stylus. 
Tests  have  been  carried  up  to  sev¬ 
eral  hundred  thousand  actuations 
of  a  rheostat  stylus  over  such  sur¬ 
faces  with  success. 

A  dividend  of  the  method,  not 
stressed  in  the  above  description,  is 
economy  on  short  runs  made  pos¬ 
sible  by  lowered  (almost  neg¬ 
ligible)  tool  costs.  Practically  the 
only  expense  in  changing  from  one 
part  to  another  or  from  one  circuit 
configuration  to  an  entirely  differ¬ 
ent  one  is  the  draftman’s  work  of 
drawing  new  copy. 

Photographic  illustration  of  the 
results  of  this  process  are  not  par¬ 
ticularly  informative  because  the 
finished  product  looks  like  the  orig¬ 
inal  drawing.  The  accompanying 
photograph  serves  chiefly  to  indi¬ 
cate  the  type  of  circuits  than  can 
be  rendered  in  this  medium.  The 
author  expresses  his  gratitude  for 
the  cooperation  and  support  of  the 
Squier  Laboratory  of  the  Signal 
Corps  in  the  pursuit  of  this  project. 


Here's  your  supp 


N.Y.T.  facilities  are  now  expanded  to 
supply  all  types  of  inductive  television 
components  in  quantity.  Estimates  will 
be  supplied  promptly  on  standard  units 
^  or  types  wound  to  your  exact  specifica- 
\  tion.  In  addition  to  television  compo- 
nents,  N.Y.T.  offers  complete  manufac- 
'  \  turing  service  on  power  transformers, 

\  chokes,  and  audio  transformers.  Mod- 
ern  plant  and  winding  equipment  as- 
\  sures  finest  quality  at  low  cost.  Call  or 
write  today  for  information. 

+  any  QUANTIJYl 


*  TELEVISION 
POWER  TRANS 

FORMERS 

*  DEFLECTION 

COILS 


The  Synchrostrob  Timer 

By  Walter  R.  Berg 

Ordnance  Research  Laboratory 
The  Pennsylvania  State  College 
State  College,  Pennsylvania 
(Now  with  Dictograph  Products,  Ivr. 
Jamaica,  N.  Y.) 


★  VERTICAL  OUTPUT 
TRANSFORMERS 

•k  HORIZONTAL  BLOCK 
INC  OSCILLATOR 
TRANSFORMERS 

k  VERTICAL  BLOCKING 
OSCILLATOR  TRANS¬ 
FORMERS 


In  viewing  rotating  machines  by 
standard  stroboscopic  methods  con¬ 
stant  manipulation  of  the  light 
source  frequency  is  necessary  in  or¬ 
der  to  prevent  the  stroboscopic 
image  from  changing  position.  Fur¬ 
thermore,  it  is  practically  impossible 
to  orient  the  image  to  a  specified 
angular  position  manually.  The  cir¬ 
cuit  shown  in  Fig.  1  automatically 
holds  the  stroboscopic  image  at  a 
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ARNOLD 

Specialists  and 

■  V---. 

Leaders  in  the 

Design, 

1 

Engineering 

and 


Manufacture 

/  * 

of 

PERMANENT 

MAGNETS 


Arnold’s  business  is  permanent  magnets,  exclusively— ‘ 
a  field  to  which  we  have  contributed  much  of  the 
pioneering  and  development,  and  in  which  we  have 
set  peak  standards  for  quality  and  uniformity  of 
product. 

Our  service  to  users  of  permanent  magnets  starts  at 
the  design  level  and  carries  on  to  finish>ground  and 
tested  units,  ready  for  your  installation.  It  embraces 
all  Alnico  grades  and  other  types  of  permanent  magnet 
materials — any  size  or  shape — and  any  magnetic  or 
mechanical  requirement,  no  matter  how  exacting. 

Let  us  show  you  the  latest  developments  in  perman* 
ent  magnets,  and  how  Arnold  produas  can  step  up 
efficiency  and  reduce  costs  in  your  magnet  applica* 
tions.  Call  for  an  Arnold  engineer,  or  check  with  any 
Allegheny  Ludlum  representative. 


THE  ARNOLD  ENGINEERING  CO. 


i£ 

Subsidiary  of 

ALLEGHENY  LUDLUM  STEEL  CORPORATION 
147  East  Ontario  Stroot,  Chicogo  11,  Illinois  \ 


SpacKrfltfi  cmd  Imaden  In  the  Dmign, 
btghtmnrkig  and  Man»fa€tura  of  POtMANBNT  MAOMtTS 


ELECTRONICS  —  October,  1948 


197 


r\  I  I  ir'U’T A  fUn 


THE  ELECTRON  ART 


(cMtinucd) 


^yr  suww® 

l^D^^tNOUST^lM  APP 


including 


featuring 


CATALOG 


(HEATER  OF  6SL7  AND  PILOT  LAMP  SUPPLIED 
BY  TRANSFORMER  ACROSS  X-X) 


VOLT.  50/60 
cycle  SUPTl^ 

structure 


test  on 


•  EfFtCIENT 

jjit)  electro  static 

shielding 

»UN.fO.«  S’""""*'" 
appearance 
0  STURDY  STEEL  CASES 


Here  is  one  of  the  finest'  and  most  complete 


lines  of  standard  transmitter  components  avail 


able  today.  Built  to  the  same  well-known  high 
standards  as  N*Y*T  custom-built  emits,  they 
bring  to  the  design  engineer  the  full  economy 
of  standardized  constructioa  Superbly  con 


structed,  inside  and  out,  each  unit  fully  reflects 


the  years  of  experience  that  have  made  the 


name  NEW  YORK  TRANSFORMER  synon 


ymous  with  quality,  integrity  and  dependabil 


ity  wherever  inductive  components  are  used. 


NEW  YORK 
TRANSFORMER  CO.r  INC 

ALPHA,  NEW  JERSEY 


FIG.  1 — Circuit  diagram  oi  tynchronixer 
that  proyides  phase  adjustment  throughout 
360  degrees 


fixed  angular  position  over  wide  var¬ 
iations  in  the  speed  of  the  rotating 
member.  By  means  of  coarse  and 
fine  phase  shift  controls  the  strobo¬ 
scopic  image  can  be  held  in  any 
position  over  the  entire  360  degrees. 

A  three-phase  generator  must  be 
coupled  to  the  shaft  of  the  rotating 
member.  The  coarse  phase  shift, 
which  is  a  six-position  switch,  se¬ 
lects  each  of  the  generator’s  three 
phases  at  0  or  180  degrees,  which 
affords  a  total  variation  of  360  de¬ 
grees  in  six  discrete  steps  of  60  de- 


FIG.  2 — The  Synchrostrob  it  used  with  a 
tachometer  and  a  Strobotac  to  obserre  ro¬ 
tating  machinery 


grees  each.  The  fine  phase  shift  con¬ 
trol  is  a  potentiometer  which  allows 
complete  phase  variation  over  any 
60-degre.e  step.  By  means  of  a 
double  triode  the  voltage  from  the 
phase  shift  network  is  half-wave 
grid  rectified,  amplified,  and  clipped. 
The  resulting  wave  form  has  the 
steep  wave  front  that  is  necessary 
to  trigger  most  types  of  strobo¬ 
scopic  circuits. 

The  S3aichrostrob  was  designed 
to  trigger  the  contactor  input  of  a 
General  Radio  Strobotac  which,  in 
turn,  can  be  used  to  trigger  a  Gen¬ 
eral  Radio  Strobotron  if  greater 
light  intensities  are  desired.  Other 
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.  PRODUCTION  FURNACES  —  MELTING  AND  CASTING 


High  Vacuum  Metallurgy  is  not  new  as  labo¬ 
ratory  technique.  It  /s  new  as  a  practical  indus¬ 
trial  operation. 

For  the  first  time,  National  Research  Corpora¬ 
tion  offers  its  services  to  design  and  build,  to 
your  requirements,  furnaces  which  operate  in 
the  micron  pressure  range.  Pressures  run  as  low 
at  10  '*  mm.  Hg.  absolute. 

Six  years’  experience  in  the  engineering  and 
construction  of  High  Vacuum  metallurgical 
equipment  is  at  your  disposal.  Write  National 
Research  Corporation. 


DEGASSING  FURNACE 


!  VACUUM  ENGINEERING  DIVISION, 
National  Research  Corporation, 
Cambridge  42,  Massachusetts 
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(coiitinMd) 


CANNON  EIECTRIC 

?E^TRIC J  DEVELOPMENT  COMPANY 


3209 


Humboldt  Street,  Los  Angeles  31,  California 

Cannon  Electric  Co.,  ltd.,  Toronto,  Ontario  •  World  Export 
‘n,  301  Clay  St.,  San  Francisco  II,  Calif. 


I  &  British  Empire 
(exceptin9  British  Empire)  Frozar  &  Hansei 


types  of  stroboscopic  light  sources 
can  also  be  triggered  with  this  cir¬ 
cuit. 


SURVEY  OF  NEW  TECHNIQUES 


Tracers  for  industrial  research 
are  being  used  in  a  large  scale  ex¬ 
periment  conducted  in  the  Cleve¬ 
land  plant  'of  Republic  Steel  Corp. 
by  Arthur  D.  Little  Inc.  A.lthough 
75  percent  of  radioactive  tracers 
are  still  used  in  biological  work, 
this  industrial  study  is  indicative 
of  the  potentiality  of  tracer  tech¬ 
nology  in  other  fields.  The  experi¬ 
ment  was  conducted  to  determine 
methods  for  keeping  undesirable 
sulfur  out  of  steel.  Sulfur  enters 
steel  from  the  coke,  with  the  ore, 
limestone,  scrap,  or  fuel  oil.  Some 
of  it  leaves  the  furnace  in  slag  and 
flue  gases.  To  tell  where  the  sulfur 
in  the  finished  steel  came  irom, 
radioactive  sulfur  was  introduced 
into  the  coke.  The  portion  of  sul¬ 
fur  in  the  finished  steel  that  was 
radioactive  was  then  known  to  have 
come  from  the  coke.  In  this  man¬ 
ner  the  contributions  made  by  the 
various  sources  can  be  assessed.  The 
tests  indicated  that  there  is  no  ad¬ 
vantage  in  buying  low  sulfur  coal 
from  which  to  make  the  coke.  Other 
applications  of  radioactive  tracers 
in  industry  include  automatically 
controlling  Bessemer  converters  by 
introducing  a  known  percent  of 
radioactive  phosphorus  and  meter¬ 
ing  the  process  to  determine  when 
the  proper  grade  steel  had  been  ob¬ 
tained.  The  major  advantage  of 
radioactive  tracer  research  in  in¬ 
dustrial  plants  is  that  the  experi¬ 
ments  are  carried  out  in  the  plant 
at  operating  scale;  small  scale 
laboratory  experiments  do  not 
always  correlate  with  factory  re¬ 
sults. 


TYPE 

AN3106 

PLUG 


TYPE  AN3102 


RECEPTACLE 


STANDARD  ON 
AMERICAN  AIRCRAFT 
SINCE  THE  DC-1 


Synthetic  mica,  known  as  fluo- 
rine-phlogopite  mica,  has  the  desir¬ 
able  characteristics  of  muscovite 
and  phlogopite  forms  of  natural 
mica  and  is  suitable  for  use  as  insu¬ 
lator  and  dielectric.  Inherent  in 
the  synthetic  process  is  the  possi¬ 
bility  that  further  research  may 
reveal  ways  of  directly  fabricating 
mica  components.  The  research  and 
development  program  for  the  pro¬ 
duction  of  synthetic  mica,  jointly 
sponsored  now  by  the  Office  of  Naval 


ADDRESS  DEPARTMENT  J-120 
FOR  INFORMATION 
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Cambridge  39, 
IVIassachusetts 


9S0  N.  Highland  Ave.,  Los  Angeles  38 


920  S.  Michigan  Ave.,  Chicago  S 


New  York  6 


90  West  St 


EW  OSCILLATOR  with  Greater 

Accuracy  •  Less  Distortion  •  Better  Zero 
Adjustment  •  New  Operating  Conveniences 


THE  Type  913-A  Beat-Frequency  Oscillator,  intro¬ 
duced  by  General  Radio  in  1942  immediately  set  a 
standard  of  excellence  because  of  its  high  frequency 
stability,  low  distortion  and  constant  output. 
Since  then  two  improved  models  have  increased 
its  utility  and  acceptance. 

The  new  Type  1304- A  Oscillator  is  so  different 
from  the  original  that  it  is  essentially  a  new 
instrument  with  many  refinements  in  the  circuit, 
in  the  oscillator,  addition  of  buffer  amplifiers, 
improved  mixer  and  new  amplifier.  It  is  the  finest 
beat-frequency  oscillator  obtainable. 

Included  in  the  features  of  the  new  instrument 
are: 

•  CycUs  lncr«m«nt  Dial. 

•  Highor  Accuracy  of  Calibration  —  adjusted  to  d:C0'3  cycle  + 

1%)  .  .  .  closer  than  zero  beat  can  be  established  with  the 
beat  indicator. 

•  Moro  Accurato  Zoro  Adjustmonl  —  line  voltage  is  fed  into 

beat-indicator  circuit,  permitting  oscillator  output  to  beat 
with  line  frequency  to  calibrate  instrument  within  1  cycle. 

•  Improvomont  in  Distortion  Bolow  100  Cyclos  —  through  new 
circuits  and  buffer  amplifiers. 

•  Now  Goor-Drivo  Dial  —  better  bearings  .  .  .  smoother  run¬ 

ning  gears  .  .  .  less  backlash  .  .  .  illuminated  dial. 

Check  the  abridged  specifications  at  left.  You’ll 
agree  that  you  cannot  buy  a  more  adaptable 
instrument. 


CHECK  THESE  SPECIFICATIONS 


VFREQUENCY  RANGE:  20  to  20,000  cycles. 

v{FREQUENCY  CONTROL:  main  dial  true 
logarithmic  scale  12  inches  long.  Frequency-' 
increment  dial  calibrated  from  -|-50  to  — 50 
cycles. 

v/FREQUENCY  CALIBRATION:  can  be  stand¬ 
ardized  within  1  cycle  at  any  time  by  setting 
instrument  to  line  frequency  or  zero  beat. 

VZERO  BEAT  INDICATOR:  neon  lamp  for  zero 
beat  at  line  frequency  or  zero  scale. 

VFREQUENCY  STABILITY:  drift  from  cold  start 
less  than  7  cycles  in  first  hour  and  completed  in 
2  hours. 

VOUTPUT  INPEDANCE:  600  ohms,  either 
grounded  or  balanced-to-ground,  and  essentially 
constant  at  all  output  voltages. 

\/OUTPUT  VOLTAGE:  approximately  25  volts 
open  circuit.  For  matched  resistive  load  voltage 
varies  less  than  ±0.25  db  between  20  and 
20,000  cycles. 

\  OUTPUT  CONTROL:  calibrated  from  -1-25  db 
to  — 20  db  referred  to  1  milliwatt  into  600  ohms. 


TYPE  1304- A  BEAT-FREQUENCY  OSCILLATOR 

$450.00 


'■S 

fm 

MAT-r«i|«iVT 
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THE  H.  A.  WILSON  COMPANY 

105  Che^tnut  Street,  Newark  5.  New  Jersey 
Branch  Offices  CHICAGO,  DETROIT^  LOS  ANGELES,  PROVIDENCE 


SPECIALISTS  FOR  34  TEARS  IN  THE  MANUFACTURE  OF  THERMOMETALS  •  ELECTRICAL 
CONTACTS  .  PRECIOUS  METAL  BIMETALLIC  PRODUCTS  AND  SPECIAL  ALLOTS 


THE  ELECTRON  ART  (cmHhuccI) 

Research,  the  Navy  Bureau  of  Ships 
and  the  Army  Signal  Corps,  was 
initiated  at  the  Colorado  School  of 
Mines ;  the  Owens-Coming-Fiber- 
glas  Corp.  is  retained  under  a  con¬ 
sulting  contract,  and  pilot  plant 
production  is  being  conducted  by 
the  Interior  Department’s  Bureau 
of  Mines  Electrotechnical  Labora¬ 
tory,  Norris,  Tenn.  Knowledge  of 
the  production  of  silicate,  mineral 
crystals  large  enough  to  be  split 
into  sheets  at  the  Kaiser-Wilhem 
Institute  and  the  Siemens-Halske 
Concern  in  Germany  has  encour¬ 
aged  this  development  of  synthetic 
mica. 


Infrared  spectroscopy  has  been 
simplified  by  the  development  of  a 
method  for  growing  large  crystals 
containing  42  percent  thallium 
bromide  and  58  percent  thallium 
iodide  by  Francis  Phelps  and  of 
polishing  the  soft  semiplastic  crys¬ 
tals  by  Edgar  Robertson,  both  of 
the  National  Bureau  of  Standards. 
The  prism  so  made  has  the  large 
index  of  refraction  of  2.6  in  the 
visible  region  and  2.2  at  40  microns. 
The  refraction  changes  greatly 
with  temperature.  This  new  prism 
extends  the  observable  range  to  40 
microns  (potassium  bromide  crys¬ 
tals  permitted  observation  only  to 
about  24  microns).  Investigations 
in  this  unexplored  region  have  al¬ 
ready  shown  polystyrene  and  poly¬ 
ethylene  to  be  very  transparent  and 
that  many  compounds  containing 
chlorine,  bromine,  and  sulfur  have 
bands  in  this  region. 

Experiments  in  pulse  code  modul- 
lation  can  be  readily  carried  out  by 
a  technique  developed  by  D.  B. 
Smith  working  under  Prof.  W.  H. 
Radford  at  MIT.  In  place  of  the 
pulse  coding  tube  developed  by  Bell 
Labs.  (Electronics,  p  126,  Dec., 
1947),  a  conventional  cathode-ray 
tube  can  be  used  to  code  the  signal. 
A  coding  mask,  cut  the  same  as  the 
aperture  plate,  is  placed  in  front 
of  the  cathode-ray  tube  screen.  A 
phototube  receives  coded  impulses 
of  light  as  the  beam  sweeps  across 
the  screen  at  levels  determined  by 
the  instantaneous  sampled  ampli¬ 
tude  of  the  signal.  With  this  rela¬ 
tively  simple  apparatus  one  can 
study  pulse  code  modulation  sys¬ 
tems.  At  MIT  the  equipment  is 
being  used  to  investigate  the  trans- 


The  H.  A.  Wilson  Company  announces  an  important  new 
addition  to  its  “R”  series  of  WILCO  Thermometols 
(thermostatic  bimetals) . . .  R-16. 


UmM  Oanection  —TOO  to  500°  F.  Modulus  of  Elasticity  19,500,000 
Maximum  Sonaitivity  50  to  350°  F. 

Hexivity  F  ,0000144  70°  F.  16 

K  ,0000072  Resistivity  at  300°  F.  20  t-ohms  (sq. 

500°  F.  25) 


70°  F.  20  i 

Resistivity  at  300°  F.  25  ^ohms  (dr.  mil-ft.) 
500°  F.  32, 


Max.  Operating  Temp.  500°  F. 


Heat  Treatment  one  hour  at  550°  F 


•  These  and  other  advantages  particularly  commend  WILCO 
R-16  for  application  in  high  ampere  rated  circuit  breakers  and 
similar  devices  where  low  electrical  resistance  is  required. 

R-16  joins  a  large  family  of  WILCO  Thermometals  which 
have  the  adaptability  to  meet  every  condition  of  bimetal  appli¬ 
cation  . . .  the  quality  to  meet  the  highest  standards  of  precision 
performance  .  .  .  plus  availability  in  every  desirable  shape. 

WILCO  PRODUCTS  INCLUDE]  THERMOSTATIC  BIMETALS:  All  tem¬ 
perature  ranges,  deflection  rates  and  electrical  resistivities.  ELECTRICAL 
CONTACTS:  Silver,  Platinum,  Tungsten,  Alloys,  Sintered  Powder  Metal. 
SILVER  CLAD  STEEL:  For  industrial  use.  NLSPAN  C*  Constant  Modulus 
Alloy;  also  low  and  high  expanding  Ni-Span  Alloys.  JACKETED  WIRE: 
Silver  on  Steel,  Copper,  Invar  and  many  oHier  combinations.  SPECIAL 
ALLOYS:  Including  high  conductivity,  high  strength.  Copper  Alloys.  ROLLED 
GOLD  PLATE  AND  GOLD  FILLED  WIRE. 

*Reg.  Trade  Mark,  The  InternaNonal  NickelCo.,lnc. 
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to  stay  on  the  job  a  long  • .  •  long  .  • .  time 


Tell  G.E.  your  problem  of  d-c  supply 

Whenever  you  strike  the  problem  of 
deciding  which  type  of  rectifier  is  best  for 
your  purpose — call  on  General  Electric 
for  an  answer.  General  Electric  engineers 
can  give  you  an  impartial  solution,  be¬ 
cause  G.E.  makes  all  three  —  selenium, 
copj)er-oxide,  and  Tungar* — and  now  the 
new  oil-filled  selenium  rectifiers. 


Now,  to  help  you  fight  corrosion,  dust, 
lint,  fungus,  and  heat.  General  Electric 
announces  a  completely  new  line  of 
selenium  rectifier  stacks.  Each  stack  in 
this  new  line  is  a  complete  unit — ready 
for  immediate  installation — immersed  in 
oil,  hermetically  sealed  in  a  metal  con¬ 
tainer,  and  protected  by  a  tough,  over-all 
coating. 


G.E.  makes  all  three 


SELENIUM  •  COPPER.OXIOE 
TUNGAR 


For  information  on  rectifiers — from  the 
size  of  an  aspirin  to  the  size  of  a  garage  - 
or  for  data  on  the  new,  oil-filled,  hermeti¬ 
cally  sealed  selenium  rectifiers,  write  to 
Section  A2 1-1031,  Construction  Materials 
Department,  General  Electric  Company, 
Bridgeport  2,  Connecticut. 


For  cool  operation,  the  oil  in  these  new 
General  Electric  rectifiers  flows  freely 
around  the  rectifier  cells  to  dissipate  heat 
during  continued  service.  For  easy  as¬ 
sembly,  the  units  have  tinned  soldering 
lugs,  glass  welded  for  a  tight  seal. 


and  the  new 


oil-filled 


RECTIFIER  STACKS 


*TRAOE-MARK  REG.  U.S.  PAT.  OFF. 
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HIGH  VACUUM  PUMPS 


THE  ELECTRON  ART 


(continued  i 


fflHOS 


ILECTRONIC  TUBES 


;COATtO  LENSES 


MIRACLE  DRUGS 

m 


SINTERED  METALS 

■ 

m 


DEHYDRATED  fOODS 


ATOMIC  ENERGY 

H 


Have  you  considered  the  possibilities  of 
vacuum  processing  in  your  manufacturing? 
Perhaps  your  product  can  be  produced  better, 
faster,  more  profitably  vrith  the  help  of  Kinney 
High  Vacuum  Pumps.  Whatever  the  quantity 
and  degree  of  vacuum  you  require,  Kinney 
Pumps  >vill  deliver  it  on  a  production  basis,  de¬ 
pendably  and  economically. 

Low  pressure  processing  with  Kinney  High 
Vacuum  Pumps  has  made  possible  the  large- 
scale  production  of  many  of  today's  wonder 
products. 

Whether  your  vacuum  requirements  are  meas¬ 
ured  in  inches  or  microns,  look  to  Kinney  for 
reliable  low  pressure  performance.  Kinney 
Single  Stage  Vacuum  Pumps  will  produce  low 
absolute  pressures  to  10  microns  or  better; 
Compound  Pumps  to  0.5  micron  or  better, 

.  Write  for  Bulletin  V45. 


KINNEY  MANUFACTURING  COMPANY 


3565  WASHINGTON  ST.,  BOSTON  30,  MASS. 

NEW  YORK  •  CHICAGO  •  PHILADELPHIA  •  LOS  ANGELES  •  SAN  FRANCISCO 
FOREIGN  REPRESENTATIVES 

General  Engineering  Co.  (Rodclifie)  Ltd.,  Station  Works,  Bury  Rood,  Rodcliffe,  Loncashire,  England 
Horrocks,  Roxburgh  Pty.,  Ltd.,  Melbourne,  C.  I.  Australia 
W.  S.  Thomas  &  Taylor  Pty.,  Ltd.,  Johannesburg,  Union  of  South  Africa 


m.  M.S0  MaNVFRCTURE  UQttID  PUMPS.  CLUTCHES  AND  BiTUMiKOUS  MSTHIBUTORS 


mission  of  music  by  a  5-pulse  code. 

Corona  at  high  altitude  can  be  sup 
pressed,  in  the  case  of  ceramic 
bushings  and  other  insulations 
upon  which  are  imposed  high 
potential  gradients,  by  application 
of  a  semiconducting  coating  to  the 
entire  exposed  insulation  surfaces. 
The  technique  may  be  applied  to 
such  high-voltage  equipment  as 
radar  and  is  particularly  advan¬ 
tageous  when  used  on  airborne  elec¬ 
tronic  equipment  where  space  and 
weight  must  be  held  to  a  minimum. 
Coating  solder-seal  bushings  of 
hermetically  sealed  components 
with  material  having  a  surface  re¬ 
sistivity  of  about  3,000  megohms 
per  square  inch  sufficiently  distrib¬ 
utes  voltage  stress  to  increase  the 
high  altitude  a-c  corona  starting 
voltage  by  200  percent  or  more  and 
the  average  flashover  voltage  by 
120  percent;  d-c  corona  and  flash- 
over  points  are  raised  70  percent. 
Similar  improvements  are  produced 
on  bushings  at  sea  level.  The  mag 
nitude  of  the  resistivity  of  the 
semiconducting  coating  is  such  that 
there  would  be  no  serious  current 
drain  on  actual  electronic  equip 
ment  treated  in  this  manner. 

Methods  of  detecting  inception 
of  corona,  measurements  of  im 
provements  obtained,  and  an  analy 
sis  of  electrostatic  field  configura 
tions  in  the  vicinity  of  a  typical 
bushing  have  been  described  in 
High  Altitude  Flashover  and 
Corona  Correction  on  Small  Ce 
amic  Bushings,  by  W.  W.  Pendle 
ton,  A.I.E.E.  Proc.,  1947. 

Highest  powered  magnetron  de 
veloped  so  far  for  microwaves 
produces  50  kilowatts  at  1,000  mega 
cycles  (1  kmc).  Unlike  most  con 
ventional  tubes,  the  cathode  is  un 
heated,  emission  being  produced  by 
cathode  bombardment  with  high 
speed  electrons  each  one  of  which 
releases  three  or  four  secondary 
electrons.  The  water-cooled  tube 
was  developed  by  the  General  Elec 
trie  Research  Laboratory  under 
Signal  Corps  contract.  Dr.  R.  B. 
Nelson,  G.  E.  scientist,  told  a  group 
of  vacuum  tube  researchers  con- 
1  vened  at  Ithaca  in  June  that  the 
'  limit  to  the  power  that  can  be  pro- 
j  duced  at  this  high  frequency  is  not 
I  yet  in  sight. 


3^/ul‘tiol 


SHAOINO  coil 


ACTUATORS 

Q)€M^t€€i ^€/l'  POVTER 


BRASS  GUIDE  TUBE 


coil  FORM 


For  maximum  power,  reliable  operation  and  efficient 
performance,  specify  Phil-trol  Actuators.  Exclusive  de¬ 
sign  features  incorporated  in  one-piece  solid  frame 
construction  make  Phil-trol  Actuators  strong,  durable 
units  for  a  wide  range  of  solenoid  uses. 

Outstanding  construction  features  include:  One-piece - 
1/8"  iron  frame,  dovetailed  and  staked  into  end  plate 
for  a  secure  bond  and  extra  strength;  Plunger  -  and 
plunger  stops  are  made  from  specially  processed  steel 
and  are  available  in  three  types  of  end  shapes;  Stand¬ 
ard  coils  are  fiber  bobbins  wound  with  enameled  cop¬ 
per  wire,  and  impregnated  with  insulating  varnish; 
Entire  frame  and  plunger  stop  are  cadmium  plated 
and  plunger  is  chrome  plated  for  smooth  operation. 

Five  standard  sized  Phil-trol  Actuators  are  available 
in  either  A.  C,  or  D.  C.  desired  voltage.  Designed  for 
"puir'dpplication,  they  may  be  converted  to  "push” 
with  but  slight  efficiency  loss. 

Phillips  engineers,  located  in  cities  listed  below,  will 
be  glad  to  assist  you  in  determining  solenoid  require¬ 
ments.  Special  Phil-trol  Actuators  are  designed  to 
specification. 

Send  for  Phil-trol  Actuator  Bulletin 


STANDARD  PLUNGERS 


10-32  TArrED 
HOLE 


33 

HOLE 
FOR 
D.  PIN 


Phil-trol  RELAYS: 

There  is  a  complete  line  of  Phil- 
trol  Relays,  all  engineered  to 
the  highest  standards,  for  elec¬ 
tronic  and  industrial  control, 
signal  and  traffic  control,  radio, 
communication,  aircraft  and 
other  applications.  Send  for  new 
Relay  Catalog. 


Relays,  Actuators,  Solenoids,  Contactors, 
Starting  Switches,  Focus  Coils,  Ion  Traps 
and  Special  Process  Control  Assemblies. 


PHILLIPS  CONTROL  CORPORATION  •  612  N.  MICHIGAN  AVENUE  •  CHICAGO  11,  ILLINOIS 

PLANT t  Joliet.  Illinois  •  SALES  OFFICES:  New  York,  Boston,  Philadelphia,  Buffalo,  Cleveland,  Charlatte,  St.  Louis,  Kansas  City,  los  Angeles,  Torontc 
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SWITCH  INSULATION 


ARC  RESISTANCE 


DIMENSIONAL 

STABILITY 


<PHEN0LITE  CORE) 


NEW  PRODUCTS 

(continued  from  p  134) 

scope,  picture  generator,  and  dis¬ 
tribution  panel  is  .available  in 
combination  or  separately.  The 
equipment  produces  synchronizing, 
driving,  and  blanking  signals  use¬ 
ful  to  manufacturers  of  television 
receivers.  Two  monographs  giving 
further  details  have  been  published. 


Pilot  Light 

Dial  Light  Co.  of  America,  Inc., 
900  Broadway,  New  York  3,  N.  Y. 
Designed  particularly  for  use  with 
the  NE-51  neon  lamp,  the  new  Mul- 
tivue  cap  refracts  light  in  such  a 


National  Switch  Insulation  is  a 
highly  efficient  "sandwich”  material 
consisting  of  a  Phenolite  core— for 
dimensional  stability  even  under 
humid  conditions— permanently 
bonded  and  molded  with  Peerless 
Insulation  (Fish  Paper)  surfaces,  to 
provide  high  arc  (tracking)  resist¬ 


way  as  to  improve  effectiveness  of 
the  low-wattage  neon  lamp  in  pilot 
light  service. 


Loudspeaker  Baffle 

ViBRALOC  Mfg.  Co.,  3597  Mission 
St.,  San  Francisco,  Calif.  The  new 
general  purpose  loudspeaker  baffle 
with  Acousticurve  design  is  adapt¬ 
able  to  table,  wall,  or  corner  mount¬ 
ing.  It  may  be  had  in  a  variety  of 


This  product  is  used  eflfectively  to 
insulate  electrical  switches  and 
equipment  where  high  dimensional 
stability  and  arc  resistance  are 
required  in  proximity  to  current- 
carrying  components. 

For  full  details  call  or  write 


NATIONAL  VULCANIZED  FIBRE  CO 

WILMINGTON  99,  /S\  DELAWARE 
Offices  in  thn  (  iBQi  )  Principal  Citimt 
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CAPACITORS 

HI  VOLT  POWER 

SUPPLIES 


I  >ealfiied  to  truisfonn 
118  VACtohlsb  vult- 
ace — low  current  Df 
for  use  in  rsdistlon 
counters,  osclllos- 
capee,  dust  precipita¬ 
tors.  projection  teie- 
vtsion  sets,  specto- 
graphic  anaiysers. 
photoflaali  equipment, 
etc.  Hi  Volt  Power 
Suppiies  are  self-con¬ 
tained  In  hermetieaiiy 
sealed  steel  con¬ 
tainers. 


HIVOLT 


ilmt. 

No. 

VI>C 

Olmenslons 

Your 

Cost 

PS-1 

2400 

3*4x3  44  x5H' 

$11.14 

PS -2 

2400 

3*  iix3  H  x5  ^  * 

15.14 

PS-5 

5000 

4*4x3  «x6H' 

38.22 

PS-lt 

10000 

4*i,x3«x8* 

58.80 

PS-36 

30000 

7x7x7* 

147.00 

PHOTOFLASH  CAPACITORS 


For  the  best  In  photoflash  capaci¬ 
tors,  specify  PLASTICONSforfaster 
discharge  and  more  light.  Type 
AOCOE  are  the  lightest  photoflash 
capacitors  made,  more  flexible  to 
use,  safer  and  more  economical  than 
single  high  capacitance  large  block. 


PHOTO  FLASH 


Cat.  No. 

Watt 

Sec. 

Pk. 

Cht 

V, 

Dimen¬ 

sions 

Your 

Cost 

AOCOE33C3 

7.6 

4x2x1  «* 

$2.92 

AOCOE3M3 

9 

4x2x14* 

3.00 

AOCOE4MI.S 

12 

4x2x14* 

3.20 

AOCOE55CI 

15.1 

rffrr. 

4x2x14* 

3.56 

AOCE4MI3 

100 

4000 

4Hx4*4x3H 

27.17 

AOCE4M24 

200 

8x4*4x34* 

38.81 

PLASTICONS 

By  the  use  of  synthetic  plastic  film 
dielect  rics, PLASTICONS  can  be  made 
smaller,  lighter,  more  efficient  and 
more  economical  than  older  types  of 
capacitors  made  with  paper  and  mica 
insulation.  Plasticon  films  are  chem¬ 
ically  purer  and  more  uniform.  Plasti¬ 
con  capacitors  have  a  longer  life  and 
can  operate  under  more  severe  con¬ 
ditions. 

SPECIAL  PLASTICONS 

Taking  advantage  of  the  wide  variety 
of  plastic  film  dielectric  character¬ 
istics,  Plasticons  are  engineered  to 
meet  many  special  applications.  We 
can  furnish  capacitors  for  200°C;  for 
pulse  network  duty;  close  tolerances; 
ultra  high  resistance.  .Send  us  your 
specifications. 


GLASSMIKES  ASG 


Type  ASG  are  Plasticon  A  dielect ric-sllleone  fluid 
impregnated  capscitor  elements  in  hermetically 
sealed  glass  tubes.  Temperature  range  —  60°  <’  to 
+  125°  C.  The  smallest  and  lightest  high  voltage 
capacitors  made.  Type  ASG  are  Ideal  tor  DC  and 
low  frequency  AC  applications. 


Cat. 

No. 

Cap. 

Mfd. 

Volta 

D.C. 

Dlmen* 

■ions 

Your 

Co«t 

ASG  1 

K3H 

600 

"4x1*  a* 

$  .88 

A.SG  2 

.02 

600 

"axl*w* 

.94 

ASG  3 

.05 

600 

**4-'l*V 

1  .03 

ASG  4 

.1 

600 

HxlH* 

1  .15 

ASG  5 

.25 

600 

*•4x2  «* 

1  .32 

A.SG  4 

.5 

600 

lHx23»* 

1  .53 

ASG  7 

.005 

1,000 

"4x1*4* 

.88 

ASG  8 

.01 

1.000 

"4x1*4* 

.94 

ASG  4 

.02 

1.000 

•*4x1*4* 

1  .00 

ASG  16 

.05 

1.000 

34X13** 

1  .09 

ASG  11 

.1 

1.000 

«*x2t4* 

1  .26 

ASG  12 

.25 

1.000 

"4x2H* 

1  .47 

ASG  13 

.002 

2.000 

"axl*8* 

1  .12 

ASG  14 

.005 

2.000 

••^1*4* 

1  .21 

ASG  15 

.01 

2.000 

>*«xl*a* 

1  .32 

ASG  14 

.02 

2.000 

"4xl»a* 

1  .47 

ASG  17 

.05 

2.000 

*3X134* 

1  .66 

ASG  18 

.1 

2.(H)0 

**4x2*4* 

1  .88 

ASG  14 

.25 

2.000 

lHx23»* 

2.18 

ASG  26 

.001 

3.000 

•*4x1*4* 

3.03 

ASG  21 

.002 

3.000 

•*4x1*4* 

3.08 

ASG  22 

.005 

3.000 

•*4xl*a* 

3.18 

ASG  23 

.01 

3.000 

••4x1*4* 

3.28 

ASG  24 

.02 

3.000 

33x1 3«* 

3.44 

ASG  25 

.05 

3.000 

••4x233* 

3.62 

ASG  24 

.1 

3.000 

133x2*4* 

3.82 

ASG  27 

.001 

5.000 

•*4xl*a* 

3.82 

ASG  28 

.002 

5,000 

'•4x1*4* 

3.94 

ASG  24 

.005 

5.000 

••4X1*4* 

4.09 

ASG  36 

.01 

5.000 

33x1*3* 

4.26 

ASG  31 

.02 

5.000 

*3x233* 

4.50 

ASG  32 

.05 

5.000 

133x233* 

4.79 

ASG  33 

.1 

5.000 

lSx3>3* 

5.35 

ASG  34 

.001 

7,500 

"4xl*a* 

4.12 

ASG  35 

.002 

7.500 

"4x1 'a* 

4.26 

ASG  .34 

005 

7.,500 

3*xl3t* 

444 

ASG  37 

.01 

7.,500 

»3x233* 

4.79 

ASG  38 

.02 

7.500 

•*4x2*3* 

544 

ASG  34 

.05 

7..'i00 

1Sx2»4* 

6.76 

ASG  46 

0005 

10.(X)0 

"4x1*4* 

4.29 

ASG  41 

.001 

10.048) 

"4xl*a* 

441 

ASG  42 

.002 

10.0(8) 

"4x1*  a* 

4.59 

ASG  43 

.()05 

10.(88) 

*3x133* 

5.29 

ASG  44 

.01 

10.000 

•*4x2 '3* 

6.17 

ASG  45 

.02 

10.(88) 

1*,x2‘4* 

7.35 

ASG  44 

.03 

10.188) 

13«x3.33* 

8  42 

ASG  46 

.06 

10.(88) 

1*4x3  33* 

10.29 

ASG  47 

.0005 

15.0(8) 

*•4x2*4* 

8.53 

ASG  48 

.001 

15.000 

••4x2*3* 

8.70 

ASG  44 

.002 

15.000 

1*3x2  »3* 

9.12 

ASG  56 

.0005 

20.000 

lHx3H* 

1  1  47 

ASG  51 

OOl 

20.000 

133  x333* 

12.05 

ASG  52 

.0005 

30.000 

lSx3H* 

13  44 

RF  GLASSMIKES 


style  case  Type  LSG  has  U  of  2500  to  5000.  Rated 
at  3500  WV — 7500  V  Test.  lAjwer  losses,  more 
easily  mounted,  smaller  and  more  economical  than 
mica  capacitors. 


Cat. 

No. 

Cap, 

Mfd. 

Dimcntiona 
OD  Length 

Your 

Coat 

L'SG566 

.00005 

"4xl*3i* 

$.88 

LSGI6I 

.0001 

••4x1*4* 

.88 

LSG2SI 

.00025 

"4x1*4* 

.88 

LSG.36I 

(88)5 

'•4xl*a* 

.88 

L.SGt62 

001 

••«xl*a* 

1.00 

LSG362 

.002 

*4X1*4* 

1 .44 

LSGS62 

.005 

33x1*3* 

2.06 

LSG662 

.006 

**4xl'a* 

2.20 

LSGI63 

.01 

”4x133* 

2.50 

INDUSTRIAL 
and  TRANSMiniNG 

Plasticon  A  element, 

miners!  oil  impregnated 

in  sturdy  lead  coated  steel 

containers,  (tmaller, 

lighter  and  more  econom¬ 

ical  than  paper  capa¬ 
citors.  Temperature 
range  —  40°C  to 
+  i05°C.  Type  ACC- 
rectangular;  Type 

At  H '( >-llattened  oval. 

Type  ASC  and  A8CO 
(not  listed)  have  Plas¬ 
ticon  A  element,  sili¬ 
cone  Impregnated. 
Same  dimensions  as 
corresponding  AO 
types.  Temperature 
range  — 60°  C  to  +  125°  C;  greater  capacitance 


DC  RECTANGULARS 


Cat. 

No. 

Cap. 

Mfd. 

Volta 

DC 

Dimensions 

Your 

c:oat 

AOC4C1 

1.0 

ROO 

2'3 

1*3 

1' 

$2.19 

AOC4C2 

2.0 

60<) 

2*4 

1*4 

1  * 

2  .65 

AOC4C4 

4.0 

600 

24 

l*a' 

3.30 

AOC4C8 

8.0 

600 

3*4 

1  *4  " 

4 .98 

AOC4C16 

10.0 

600 

3*3 

1  *4  * 

5.60 

AOCIMI 

1.0 

1.000 

SHl 

1*3 

1* 

2  .37 

AOCIM2 

2.0 

1.000 

1*3 

1* 

3.17 

AOCIM4 

4.0 

1,000 

j-H 

2  4 

1*4* 

3  .85 

AOCIM8 

1.188) 

3*3 

14' 

&  a^3 

AOCIMI6 

1,000 

3*3 

1*4* 

6.27 

A0C2M05 

14 

2.84 

AOC2M1 

1.0 

3H 

1*4 

3.47 

AOC2M2 

2.0 

2.(88) 

24 

1*11 

4.02 

AOC2M4‘ 

4.0 

2.0(8) 

3H 

3*3 

1*4" 

5  .<43 

AOC3M1 

1.0 

3.(88) 

4 

2.4 

I** 

7.12 

AOC3M2 

2.0 

3.000 

4  . 

34 

1  u  * 

9.05 

AOC3M4 

4.0 

3.000 

4^ 

34 

24' 

12.52 

AOC4MI 

1.0 

4.000 

m 

34 

14' 

16.17 

AOC4M2 

2.0 

4.000 

9 

3*4 

1  *4  * 

19.40 

AOC4M4 

4.0 

4.000 

4 

34 

4*  a' 

29  .64 

.\OC5Mt 

1.0 

5.00Q 

4 

34 

14* 

18.40 

AOCSM2 

2.0 

■jEmi 

34 

3*3 

4*a* 

24.25 

AOC7SC1 

1.0 

3.4 

34 

4*a* 

29.1 1 

AOC16MI 

10 

10.000 

4 

34 

4*!.* 

51  .74 

DC  OVAIS 


Cat.  No. 


AOCO«C2 

AOCOat:4 

AOCOIMI 

AOCOIM2 

A0C:03M0I 

A0C05M0I 

A0C05M02.4 

A0C05M05 

A0C08M005 

A0C08M0I 

ack:oiomoo5 


Cap. I  Volts 
Mfd.  D.C. 


2.0 
4  0 
10 
2.0 
0  1 
0  1 
0.25 
0.5 
0.05 
0.1 
0  05 


600 
600 
l.OOO  2S 
1.000  3H 
3.000  2H 


5.000 
5.000 
5,0(M) 
8.(MI0  2^4 
8.0(KI  3H 
10.000  3'- 


Dimen¬ 

sions 


S2.59 
3.1 1 
2  .29 
3.04 
4.46 
8.28 
9.05 
10.68 
8.93 
9.83 
1  1  .32 


LABORATORY  CAPACITORS 

Type  LAO  (Glassmlke  style)  and  Type  LAC 
( Rectangular  can )  have  the  lowest  dielectric  abs- 
sorptlon  of  any  capacitor  made.  Residual  charge  Is 
.01  —  .02%.  Dissipation  factor  at  1  MC  Is  tl002 
to  .0003.  Capacitance  and  Q  is  constant  from  DC 
to  100  KC.  Resistance  averages  one  million  megohms 
per  microfarad.  Standard  capacitance  tolerance  Is 
^  5% .  Type  LA  units  are  used  for  timing  and 
integrating  circuits. 


Cat. 

No. 

Cap. 

Mfd. 

Dimenalona 

Your 

Coat 

LAGltl 

.0001 

•*4x1*4* 

$1  .76 

LAGMl 

.0002 

'*4x1*3i* 

1  .76 

LAG56I 

.0005 

"3»xl*4* 

1  .76 

LAGI62 

.001 

"axl*a* 

1  .76 

LAG262 

.002 

"axl*a* 

2.06 

LAG5«2 

.005 

*4x1*4* 

2  .88 

LAGI83 

.01 

*4x14* 

3.94 

LAG263 

.02 

*4X2  *4* 

5.12 

I.AGM.3 

.05 

’•«x2‘4  " 

6.17 

I.ACI64 

.1 

2'4x1  *4X1* 

9.23 

I.AC2a4 

.2 

2'.\2'jXl*k* 

9.82 

L.\C5«4 

.5 

4x24x1*,* 

12.35 

LACItS 

1. 

4x34xl'«* 

18.87 

LAC2«.3 

2 

4x;i*,x2'4* 

30.16 

LAC!i«.3 

5. 

6x3  •4x4*,* 

57.98 

Thm  aboi'e  romdrmaed  vrralom  o§  the  Plaattrom  Lime  will  mppemr  im  the  meic 
rmimloga  ot  temdimg  elertromir  diatri^mtora.  Plmatlrmma  mre  mammlmrtmred 
bg  Condenaer  Prodmrta  f'ompany,  Vhlrmgo  22,  iUimoia 
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For  PERFORMANCE  That  Is 

^necCAei(f 


special  purpose  transformers  which 
meet  the  most  rigid  specifications  are  a 
Ra5rtheon  specialty.  What  more  exact¬ 
ing  test  can  you  imagine  than  wartime 
service  in  naval  SG  and  SO  radar  .  .  . 
for  which  Raytheon  Transformers 
were  used  exclusively? 

Raytheon  can  furnish  custom -engi¬ 
neered  transformers  designed  to  fit  your 
special  needs  ...  in  the  size,  type  and 
quantity  you  require.  As  one  of  the  old¬ 
est  and  largest  producers,  Raytheon  has 
the  experience  and  facilities  to  design, 
test  and  deliver  transformers  that  you 
can  incorporate  in  your  product  or 
equipment  with  complete  confidence. 


More  than  30,000  successful  designs 
have  proved  that  Raytheon  quality 
means  peak  performance.  May  we  prove 
it  to  you  with  sample  models  engineered 
precisely  for  your  most  exacting  require¬ 
ments?  Handy  forms  in  Bulletin  DL-K- 
301  make  it  easy  to  specify  your  needs. 
Write  for  your  copy. 


Sxce/l^ce  in  &leci^€nic^ 

RAYTHEON  MANUFACTURING  CO. 

Waltham  54,  Massachusetts 


mYTHEON 

TRANSFORMERS 


NEW  PRODUCTS  (continued) 

sizes  and  finishes.  A  catalog  sheet 
is  available. 


Portable  Sound  System 

Radio  Corp.  of  America,  Camden, 
N.  J.  Type  SP-15A  portable  sound 
system  consists  of  an  aerodynamic 
mike,  a  high-output  amplifier  and  a 


heavy-duty  alnico  permanent  mag¬ 
net  speaker.  It  operates  on  100- 
watt,  60  to  60-cycle  power  supply. 
Complete  system  weighs  46  pounds. 


Tube  Base  Diagrams 


Radio  Corp.  op  America,  Camden, 
N.  J.  The  new  Triple  Pindex  is  ac¬ 
tually  three  separate  booklets  in  one 
spiral-bound  cover,  permitting  in¬ 
stant  location  and  simultaneous 


study  of  any  three  tube  base  dia¬ 
grams  from  over  476  types.  Listings 
are  arranged  in  dictionary  fashion. 
Price  is  76c  from  distributors. 


...and  VOLTAGE  STABILIZERS 

Bulletin  DL-V-304  tells  the  complete  story  on  the  new  line 
of  high  performance,  space  and  weight  saving  Raytheon 
Voltage  Stabilizers.  Write  for  it  today. 


Industrial  Rectifier 

National  Electronics,  Inc.,  Ba¬ 
tavia  Ave.,  Geneva,  Ill.  Type  NL- 
649  is  a  2-ampere,  single-ended  in¬ 
dustrial  rectifier  tube.  It  is  mer¬ 
cury  vapor  filled  permitting  a  peak 
inverse  voltage  rating  of  900  volts 
and  can  be  used  in  260-volt  d-c  ap- 
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0  0^ 


l/NPORMNT  MEMBERS 


PHALO 

TWIN  TRANSMISSION  LINE 

75-150-300  OHM 


PHALO 

RAINBOW  CABLE 


PHALO 

COAXIAL  CABLE 


PHALO 

MICROP^HONE  CABLE 


PHALO  m 

multiconductor\4 

PLASTIC  > 
1  JACKET  INTER- 
COA^MUNICATION 
I  OR  CONTROL 
I  CABLE 


PHALO  RIGHT  ANGLE 
PLUG  AND  CORD  SET 


PHALO  2/C 
PARALLEL 
SHIELDED  INTER- 
COAAMUNICATION 
CABLE 


PHALO  RADIO  HOOK-UP 
AND  FIXTURE  WIRE 


PHALO  MULTICONDUCTOR 
INTERCOAAMUNICATION  CABLE 
(ALL-OVER  BRAID) 


PHALO  HEAVY  DUTY  CORD 
SET  AND  MOLDED  PLUG 


For  complete  "PHALO  FAMILY  STORY" 

Ask  for  the  NEW  22  Page  illustrated  PHALO  catalog 


25  Foster  St.,  Worcester  8,  Moss 


Manufacturers  of  Insulated  Wire,  Cables,  Cord  Sets 
and  Thermoplastic  Tubing. 
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takes  extreme  pride  in  presenting 
its  PICKUP  ior  use  with  the  sensati<Mial  new  Columbia 
LP  Records.  This  is  not  just  another  version  of  what 
related  e^pment  ior  Microgroove  Records  should 
be — but  the  actual  playing  arm  designed  to  meet  the 
precise  requirements  of  Columbia's  new  recordings. 
The  new  pickup  is  manufactured  to  meet  the  speci¬ 
fications  by  Columbia  to  insure  maximum  quality 
performance  of  the  Columbia  LP  Microgroove  Record 
Available,  then,  in  the  Astatic  FL-33  Pickup  and  LP-33 
Crystal  Cartridge,  is  the  ultimate  of  Microgroove  com- 
ponion  equipment.  Here  is  the  professional  playing 
arm,  and  its  replacement  cartridge,  alone  capable  of 
getting  the  most  out  of  LP  Records.  And  that  "most" 
is  trxily  incomp>arable — a  reality,  depth  and  clarity  of 
tone,  a  flawless  fidelity  of  reproduction  never  before 
obtainable  from  commercial  records. 

FEATURES  OF  ASIATIC’S  FL.33 
PICKUP-THE  PERFECT  COMPANION 
FOR  COLUMBIA  LP  RECORDS 

I.  Rve-Grsm  Needle  Pretture,  of  prime  importence 
with  the  new,  lower-rediut  needle  tip.  2.  Permenent 
Sepphire  Needle  with  .001"  Tip  Rediut.  3.  Approii- 
metely  One-Helf  Volt  Output.  4.  Frequency  Renge  30 
to  10,000  c.p.i.  5.  Novel  Design  et  Bete  Eliminates 
Tone  Arm  Resonances  and  Assures  Perfect 
Tracking.  6.  LP>33  Cartridge,  with  Perma¬ 
nent  Sapphire  Needle,  instantly  replaceable 
in  FL-33  Pickup  on  slip-in  principle  of 
modern  fountain  pen.  "LP"  means  long 
playing,  low  pressure. 


Asrfeci  Corporation 


CONNIAUT.  onto 

iisr4rfC  irct  ro^Ofvro 


Astatic  Crystal  Devices  Manufactured  Under 
Brush  Development  Co.  Patents 


DOVE  lECOtOI 


ALSO  AVAILASLi 

is  the  LP-78  Car¬ 
tridge  that  fits  the 
FL  Arm.  but  having 
a  .003"  radius  nee¬ 
dle;  thereby,*  play¬ 
ing  78  RPM  Records. 
By  merely  slipping 
in  either  cartridge 
you  have  the  proper 
pickup  for  78  or 
33-1/3  Records. 


FL  FILTER 

An  important  acces¬ 
sory  that  goes  hand- 
in-glove  with  Astat¬ 
ic's  FL-33  Pickup, 
for  best  performance 
with  high  quality 
speakers,  is  the  FL 
Filter.  Controls 
pickup  response  — 
□iminates  high  fre¬ 
quency  peak. 


plications.  Filament  voltage  is  2.5; 
filament  current,  7  amp ;  d-c  output, 
2  amp;  peak-current  output,  10 
amperes. 

Industrial  Timers 

'  Montgomery  Mfg.  Co.,  549  W. 
Washington  Blvd.,  Chicago  6,  Ill., 
has  introduced  two  synchronous 
program  timers,  models  TP  and  TS, 
j  designed  especially  for  manufac¬ 
turing  establishments  where  per- 
I  manent  conduit  or  BX  installations 
in  standard  switch  box  cases  are 
desired.  Model  TP,  for  bell  ring- 


'  ''•cf  Be 


ing,  can  make  a  single  circuit  con¬ 
tact  at  any  5-minute  interval  in  24 
hours  and  repeat  each  day.  Model 
TS  incorporates  a  holding  circuit 
which  it  closes  on  the  first  impulse 
and  opens  on  the  succeeding  im¬ 
pulse. 

Radio  Noise  Fillers 

The  Filtron  Co.,  38-25  Bell  Blvd., 
Bayside,  L.  I.,  N.  Y.  Type  FA204 
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WILCOX  ELECTRIC  COMPANY 


WILCOX  Meant  Dependable  Communitation 


PIONEER  EQUIPS  GROUND  ‘STATIONS  WITH 

Wilcox  Type  378A  Package  Radio 


f>ACKA6l  DESIGN  SPEEDS  YOUR  INSTALLATIONS 
Tht  Typ*  378A  i$  complete  from  microphone  to  antenna,  ready 
for  connection  ta  power  mains.  It  is  designed  for  aeronautical 
VHP  ground-air  communications  at  smaller  traffic  centers. 


PROVEN  COMPONENTS  INSURE  QUALITY  AND 
PERFORMANCE —The  Type  305A  VHF  Receiver  and 
Type  364A  VHF  Transmitter  (50  watts)  are  the  principal 
cbmponents  of  the  378A.  Long  used  separately  and 
field-tested  by  leading  airlines,  these  units  are  now 
ovoitoble  in  package  form. 


NEW-AIDS  TO  CONVENIENT  OPERATION 

The  telephone  handset  with  its  convenient  push-to* 
talk  button,  serves  os  both  headphone  and  micro- 
phane,  with  an  auxiliary  loudspeaker  for  incom¬ 
ing  calls.  The  378A  includes  desk  front,  messoge 
rock,  and  typewriter  spoce  — there  are  no  ac¬ 
cessories  to  be  added. 


LOCAL  OR  REMOTE  CONTROL- If  de¬ 
sired,  the  control  panel  can  be  removed 
ond  the  378A  remotely  controlled,  either 
by  re-installing  the  panel  at  the  operot- 
ing  position  or  by  simple  odoptotion  to 
your  existing  control  equipment. 

*  Pioneer  oircrolt  are  also  100X  equipped 
with  ihe  new  WILCOX  Type  36IA 
Airborne  VHF  Communication  System. 


for  complete  information 
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COTO-COIL  CO.,  INC 

con  spiaAiiSTs  since  i917 

fdS  Pavtlion  Ave.,  Providence  5,  R.  I. 
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Wt  djd^  YfuJiJL 


Magic  has  no  place  in  our  scheme  of  things. 
We  make  no  extravagant  claims.  We  DO 
wind  the  best  coils  which  31  years  of  experi¬ 
ence,  skilled  operators,  latest  equipment  and 
professional  know-how  can  produce.  We 
should  like  to  serve  YOU. 


A-F  Microvolter 


j  General  Radio  CJo.,  275  Massachu¬ 
setts  Ave.,  Cambridge  39,  Mass. 
Type  546-C  Microvolter  represents 
a  redesign  to  standardize  its  output 
level  at  600  ohms.  Sensitivity,  fre¬ 
quency  response,  and  distortion 


icing.  It  can  also  be  used  for  a-m 
and  audio  work.  Price  is  $89.95 
list. 


(continue :) 


NEW  PRODUCTS 


radio  interference  filter  is  but  one 
of  a  wide  variety  of  Filtrons  for 
suppression  of  noise.  Featured  are 
high  attenuation,  small  size,  light 
weight,  and  hermetic  sealing.  Rat¬ 
ing  of  the  unit  illustrated  is  2.5 
amperes,  50  volts  d-c. 


C-R  Stethoscope 

Feiler  Engineering  Co.,  947 
George  St.,  Chicago,  Ill.  The  new 
five-inch  cathode-ray  oscilloscope 
combined  with  stethoscope  is  de¬ 
signed  for  f-m  and  television  serv- 


Are  you  fussy? 
Then  try  usi 


Use  one  alone 


new 

cope 


When  space  is  limited — as  in  aviation,  sound,  or  electronics  applica¬ 
tions — I-T-E  Oval  Resistors  and  Oval  Resistor  Assemblies  may  be  the 
solution  you’re  looking  for. 

Specially  designed  to  meet  the  exacting  and  changing  needs  of 
the  electronics  industry,  these  modem,  wire-wound  power  resistors 
are  distinguished  by  their  high  unit -area  wattage  ratios,  which  are 
due  in  part  to  the  heat  dissipation  qualities  of  the  mounting  brackets. 

An  I-T-E  Oval  Resistor — or  an  assembly  of  I-T-E  Oval  Units — 
has  a  much  higher  wattage  rating  than  that  of  a  conventional  round 
resistor  of  comparable  size.  You  save  space  and,  at  the  same  time, 
gain  the  dependable  performance  of  I-T-E  quality  resistors. 

No  matter  what  your  resistor  problem  is — space,  exacting  service, 
or  dependable  performance — be  sure  to  investigate  I-T-E  Oval  Resistors. 
Complete  technical  information,  as  well  as  valuable  application  data, 
are  contained  in  the  new  I-T-E  Resistor  catalog.  Send  for  it  today. 


lerv- 


SrtMDttO 

frtm  s 


•tSISTOtS 


*OJUSTji 

_ to 


■aiToij 


^oonoio 


POWER  RESISTORS 


Ly  ujw  The  Leader  In  Technical  Excellence 

I-T-E  CIRCUIT  BREAKER  CO.,  RESISTOR  DIVISION,  19TH  I.  HAMILTON  STREETS,  PHILADELPHIA  30,  PA. 
SWITCHGEAR  •  UNIT  SUBSTATIONS  •AUTOMATIC  RECLOSING  CIRCUIT  BREAKERS  •  RESISTORS  •  SPECIAL  PRODUCTS 


I-T-E  OVAL 

RESISTORS 

Typ* 

WaHt 

Length 

Maximum  R*comm«nd*d 
Ratitlanc* 

Mounting 

Cantors 

108  Oval 

30  ■ 

l'/4" 

10000 

2" 

200  Oval 

40 

2" 

15000 

2V4” 

316  Oval 

55 

3'/j'' 

25000 

A'A" 

424  Oval 

65 

4y4'' 

35000 

SVi” 

600  Oval 

75 

6” 

50000 

6V*'‘ 

IN  ICS 
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Only 

AIR  EXPRESS 

gives  you  g|l 
these  oflvantages 

A  combination  you  don’t  get 
with  other  air-shipping  methods 


spEC//y 


NEW  PRODUCTS  (CMtinucd) 

characteristics  have  also  been  im¬ 
proved.  Output  voltage  range  is 
0.1  microvolt  to  1.0  volt  open  circuit 
for  an  input  of  2.2  volts  across  600 
ohms.  Accuracy  is  ±.  (3  percent  r 
0.5  pv)  for  output  levels  above  1 
microvolt  at  frequencies  below  20,- 
000  cycles.  Up  to  100,000  cycles  the 
accuracy  is  ±  5  percent.  Distortion 
introduced  by  the  instrument  is 
about  0.2  percent. 


Variable  Resistor 


AIR  EXPRESS,  A  SERVICE  OF  RAILWAY  EXPRESS  AGENCY  AND  THE 


SCHEDULED  AIRLINES  OF  THEU.S. 


Special  pick-up  and  delivery  aX  no  extra  cost.  Your 
shipments  are  picked  up  promptly  when  you  call; 
fast  delivery  to  consignee’s  door. 


6.3-volt  heater,  and  operating  tem¬ 
perature  50±:  1  C.  The  crystals  are 
electrostatically  shielded. 


Pressure  Element 


P.  R.  Mallory  &  Co.,  Inc.,  Indian¬ 
apolis,  Indiana.  The  new  Midgetrol 
measures  15/16  inch  and  has  a 
number  of  other  features  such  as  a 


3. 


Assured  protection,  too — free  valuation  coverage  up 
to  $50;  10  cents  for  each  additional  $100  or  frac¬ 
tional  part. 


Ratat  includa  pick-up  and  dalivary  door 
to  door  in  all  principal  towns  and  citias 


.  flat  shaft,  or  a  special  phenolic  shaft 
for  television  applications.  Specifi¬ 
cation  sheets  and  a  descriptive 
folder  are  available. 

i 

Crystal  Oven 

1  James  Knights  Co.,  Sandwich,  Ill. 
j  A  new  crystal  oven  recommended 
j  for  broadcast  or  standard  frequency 
applications  has  a  large  7-pin  base, 


Commercial  Research  Labora¬ 
tories,  Inc.,  20  Bartlett  Ave.,  De¬ 
troit  3,  Mich.  A  new  Type  5  direct 
pressure  element  replaces  type  3 
pressure  element  and  type  3  gas 
sampling  valve.  Owing  to  the  new 
design,  the  element  is  open  for  less 
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2. 


You  get  a  receipt  for  every  shipment.  One -carrier 
responsibility.  Complete  security. 


These  advantages,  plus  21  others,  make  Air  Express  the 
best  euid  fastest  way  to  ship.  Your  shipments  go  on  every 
flight  of  the  Scheduled  Airlines  —  repair  parts,  equipment, 
finished  items  keep  moving  to  where  they’re  need^.  Reach 
any  U.S.  point  in  hours.  Phone  local  Air  Express  Division, 
Railway  Express  Agency,  for  fast  shipping  action.  Specify 
“Air  Express”  on  orders  for  quickest  delivery. 

FACTS  on  low  Air  Express  rates 


22  lbs.  machine  parts  goes  700  miles  for  S-1.73. 

10  lbs.  printed  matter  goes  1000  miles  for  $3.31. 
30-lb.  carton  of  new  fashions  goes  300  miles  for  $4.61. 
Same  day  delivery  in  all  these  cases  if  you  ship  eariy. 
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NEW  PRODUCTS 


(continHed) 


recording  of  electrical  phenomena  from 
D.C.  to  100  c.p.s.  help  in  your  research? 


It's  a  fact  —  permanent,  instantaneous 
ink-on-poper  recordings  by  Brush  Oscillographs 
moke  their  use  almost  unlimited! 


Accurate  recordings  oi  voltages,  pressures, 
radiation  intensity  and  countless  other  phenomena  can 
be  made  over  a  frequency  range  of  D.C.  to  100  c.p.s. 
Either  A.C.  or  D.C.  signals  can  be  measured. 

Whenever  desired,  recordings  may  be  stopped  for 
notations  on  chart-paper. 


Investigate  Brush  measuring  devices 
before  you  buy  .  .  .  they  offer 
more  for  your  money. 

Why  not  have  a  Brush  repre¬ 
sentative  call?  At  no  obligation, 
of  course. 


Just  call  or  write  —  today  —  you'll  find  it  worth  a  lew 
seconds'  time!  ^ 


3405  Perkins  Avenee  •  Clevelonii  14,  Okie,  U.S.A. 


MAGNETIC  RECORDING  DIV.  •  ACOUSTIC  PRODUCTS  DIV. 


INDUSTRIAl  INSTRUMENTS  DIV.  •  CRYSTAL  DIVISION 


DEVELOPMENT  CO. 


Canadian  Representative:  A.C.  Wickman,  (Canada)  Ltd.,  P.O.  Box  9,  Station  N,  Toronto  14 


than  0.001  'second  permitting  its 
use  in  tests  on  high-speed  engines 
over  the  whole  engine  cycle. 


Television  Capacitors 

Sprague  Electric  Co.,  North 
Adams,  Mass.  A  new  line  of  capac¬ 
itors  designed  for  television  serv¬ 


ice  is  rated  at  85  C  up  to  450  volts. 
Shelf  life  of  these  electrolytic  units 
has  been  improved. 

LP  Needles 

Electrovox  Co.,  Inc.,  66  Franklin 
St.,  East  Orange,  N.  J.  Microgroove 
needles  of  sapphire  and  osmium 


alloy  needed  for  the  new  long  play¬ 
ing  records  are  available  in  two 
styles  illustrated. 

Signal  Generator 

Ferris  Instrument  Co.,  Boonton, 
N.  J.  Model  24-B  a-m  and  f-m  sig¬ 
nal  generator  provides  frequencies 
from  5  to  220  me  with  either  in¬ 
ternal  or  external  modulation.  It  is 
designed  primarily  for  production 
checking  f-m  and  television  receiv¬ 
ers.  Any  seven  spot  frequencies  in 
the  range  are  available  with  an 
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Standard  Telephones  and  Cables  Limited  Radio  Division 

OAKLEIGH  ROAD,  NEW  SOUTHGATE,  LONDON,  N.11,  ENGLAND 

R.O^ 
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MULTIPLEX 


Even  where  climates  quickly  kill  cables,  the  ether  is  always  ready  to 
carry  a  Standard  Multiplex  Telephone  Trunk  Link. 

The  system  is  easy  to  install,  thoroughly  reliable  in  operation,  and 
simple  to  service. 


Time-sharing  Multiplex  ensures  low  crosstalk  and  noise  levels,  and 
fading  does  not  affect  speech  levels. 

A  UHF  carrier  is  used  and  the  normal  line-of-sight  range. may  be 
extended  by  automatic  repeaters. 


Complete  terminal  equipment  occupies  a  double  cabinet  7'  wide  x 
2' 4*  deep  x  6' 6*  high,  and  aerials  may  be  up  to  100'  away  from 
the  equipment. 


Write  for  our  Bulletin  No.  511  which  gives  further  facts  and  figures. 


Each  equipment  deals  with  up  to  24  channels  which  handle  any 
kind  of  A.F.  traffic  in  the  300-3400  c/s  range,  including  teleprinter 
and  automatic  telephone  signals. 


(cMtinucd) 


NEW  PRODUCTS 


for  POWER,  SIGNAL  an 
CONTROL  CIRCUITS 
in  AIRCRAFT  and 
ELECTRONIC  EQUIPMENT 


ind  \ 

J 


AN'COKNEmBS 


Ruggeduess  for 
AIRCRAFT  SECURITY.  . 

Stronger  shells,  stronger  insulation,  lowest 
resistance  contacts  with  wiring  solder  pockets 
aligned  for  quick,  convenient  connections. 
Built  to  quality  .standards  beyond  the  already 
rigid  specifications  for  AN  Connectors.  Am¬ 
phenol  pioneered  in  the  engineering  of  this 
rugged  and  efficient  line  of  connectors  for  use 
in  military  aircraft.  To  be  sure  of  top  per¬ 
formance,  specify  Amphenol  AN  Connectors 
and  Fittings. 

Write  for  the  new  AN  Catalog  A-1.  It’s  abun¬ 
dant  with  the  latest  connector  information 
and  contains  timesaving  listings  and  indexes 
for  the  engineer  and  buyer.  Mail  your  request 
on  company  letterhead  to  Department  13-B. 


AMERICAN  PHENOLIC  CORPORATION 

1830  SOUTH  54TH  AVENUE,  CHICAGO  50,  ILLINOIS  . 

COAXIAL  CABLES  AND  CONNECTORS  •  INDUSTRIAL  CONNECTORS,  FITTINGS  AND 
CONDUIT  •  ANTENNAS  •  RADIO  CONiPONENTS  •  PLASTIC  FOR  ELECTRONICS 


additional  number  by  changing  coil 
drums.  THe  instrument  has  a  built- 
in  power  supply.  Details  of  the 
various  features  are  available. 

Special  Amplifier 

Browning  Laboratories,  Inc., 
Winchester,  Mass.  Amplifier  TAA- 
16  is  used  in  the  determination  of 
voltage  standing  wave  ratio  when 
used  with  square  law  detector 
probes  and  slotted  waveguides.  Two 
inputs  are  available.  Operations  can 


be  wide  band  or  highly  selective  as 
needed.  There  is  an  integral  power 
supply,  electronically  ■  regulated. 
Full-scale  meter  readings  are  ob¬ 
tained  with  15  microvolts  input 
under  wide  band  operation. 

Isolation  Transformer 

Radio  Corp.  of  America,  Camden, 
N.  J.  The  type  WP-24A  Isotap  var¬ 
iable-voltage  isolation  transform¬ 
er  has  been  designed  for  speedy  re¬ 
ceiver  servicing.  Choice  of  test 
voltages  provided  consists  of  117- 
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RADIO  RECEPTOR  CORP  AA  Y,  1>C. 

Sinct  1922  in  Radio  and  tlo<troni€i  ’  V 


Sint*  1922  in  Radio  and  llo<troni€i 
251  WIST  19TH  STREET.  NEW  YORK  11,  N.  Y. 


Built  on  AlumiifUm 

The  pinch  hitter  who  swats  the  ball  over 

1.1 _ I _ I.  I.L.  _ £^-  _ 


"  the  heads  of  the  outfielders  for  a  homer 
has  ''the  extra  something  that  spells*  top 
performance." 

In  any  field  it's  the  extra  something  that 
makes  top  performance  possible. 

Nowhere  is  this  rule  more  forcefully  demon¬ 
strated  than  in  Seletron  Selenium  Rectifiers. 
Their  extra  rugged  construction  and  high 
precision  standards  have  enabled  them  to 
establish  unbeatable  performance  records  in 
every  type  of  application.  Efficient— depend¬ 
able — durable,  under  the  severest  service 
conditions. 

Leading  engineers  and  designers  specify 
and  recommend  Selenium  Rectifiers. 

Furnished  in  a  wide  range  of  voltages  and 
currents  to  meet  individual  requirements. 


In  addition  to  the  power 
•tacks  illustrated  Seletron 
Selenium  Rectifiers  are  fur¬ 
nished  in  small  sizes.  Specify 
SELETRON  SELENIUM  RECTI¬ 
FIERS  FOR  RADIO  AND  TELE¬ 
VISION  APPLICATIONS. 


CODE  NUMBER  5L1  5M1  5P1  5R1  5Ql 

Current  Retins  75  me.  100  me.  150  me.  200  me.  250  me. 
Plete  Height  1'  1'  1  3/16' 1  1/2'  1  1/2' 

Plete  Width  7/8'  1'  1  3/16' 1  1/4'  1  1/2' 


Write  today  tor  catalog.  Address  Dept.  ES-10 
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NEW  PRODUCTS  (continued) 

volt  normal  supply,  105- volt  low 
supply  or  130-volt  high  supply,  un¬ 
der  medium-load  (»nditions.  The 
instrument  also  gives  protection 
against  shocks  from  a-c  and  d-c 
chassis  to  ground  and  prevents 
damage  to  test  equipment. 


E  recording 

FM  QUALITY 
WEASY  PORTABILITY 


Grid-Controlled  Rectifier 

Electrons,  Inc.,  127  Sussex  Ave., 
Newark,  N.  J.  announce  develop¬ 
ment  of  the  type  5528  (C6L)  tem¬ 
perature-free  grid-controlled  recti¬ 
fier  tube  designed  especially  for 
high  power  servomotor  control  or 


The  basic  Magnecorder 
recorder  mechanism  (PT6-A) 


The  New  3  Element 


inverter  applications  which  must 
operate  at  up  to  800  cycles.  It  fea¬ 
tures  60  second  heating  time,  a 
peak  inverse  voltage  of  500  v,  6.4 
amperes  steady  d-c  current,  and  77 
amperes  peak. 


The  Magnecorder  meets  the  highest  broadcast  standards, 
and  it  costs  you  less.  You  buy  and  combine  only  the 
units  you  need: 

Magnecorder  (PT6-A)  —  Basic  recorder  mechanism. 
Portable  Mixer-Amplifier  (PT6-P)  —  Recording  and  repro¬ 
ducing  portable  field  amplifier.  Can  be  used  as  high- 
quality 'remote  amplifier.  Mixes  three  low-level  micro¬ 
phones. 

Rock  Mount  Amplifier  (PT6-R)  —  Recording  and  reproduc¬ 
ing  amplifier  for  studio  rack  mounting.  With  PT6-A 
makes  complete  studio  recorder-reproducer. 


Magoietometers 

Thomas  E.  Smith,  122  East  42nd 
St.,  New  York  17,  N.  Y.  Presence 
and  polarity  of  magnetic  fields  can 
be  determined  using  model  GW-2 


Weight  —  PT6-A,  23  pounds;  PT6-P,  29  pounds. 

Wow  and  Flutter  —  .2% 

Frequency  Response  —  40  to  1 5,000  cycles;  +  or  —  2  db. 
Tape  Speed  —  15  inches  or  ZVi  inches  per  second  (Inter¬ 
changeable). 

Motor  —  Synchronous  1/50  HP. 

Single  Control 
Rewind  —  45  seconds. 

Reels  —  Standard  7-inch  8MM  film  reels. 

Current  failure  never  throws  tape.  Instantly  Interchange 
able  from  portable  to  rack  mounting. 

Write  today  for  detailed  specifications 


gradientometer  that  can  also  be 
switched  for  use  as  a  magetometer. 
The  device  has  been  designed  for 
investigating  magnetic  fields  in  air¬ 
craft  frames. 


New-Record  Pickup 

Astatic  Corp.,  Conneaut,  Ohio. 
Type  FL-33  pickup  and  LP-33  crys¬ 
tal  replacement  cartridge  have  been 
designed  particularly  for  use  with 
new  long-playing  records.  The 


INCORPORATED 


Chicago  1 


October,  1948— ELECTRONICS 


1%^ 


No  one  is  in  a  better  position  to  cut  your  electrical 
contact  and  precious  metal  costs  than  General  Plate  .  .  . 
pioneers  in  laminated  metals.  Through  long  years  of 
experience  in  the  manufacture  of  precious  to  base  metal 
combinations  .  .  .  and  work  with  leading  manufacturers 
of  electrical  and  industrial  products.  General  Plate  gives 
you  laminated  metals  that  provide  economical  solutions 
to  your  problems. 

General  Plate  Laminated  Stock  saves  money  because 
it  eliminates  a  large  waste  of  expensive  silver.  By 


bonding  silver  or  other  precious  metal  to  inexpensive 
base  metal  you  get  the  high  cost  metal  only  where  it’s 
needed.  The  laminated  construction  not  only  lowers 
costs  but  increases  operating  life  and  makes  fabrication 
of  parts  easier. 

General  Plate  Laminated  Stock  is  available  in  sheet, 
inlaid  stripes,  elevated  stripe, edgelay, as  well  as  tube  and 
wire  . . .  buttons  for  spot  welding  or  soldering;  rivets  — 
or  as  completely  fabricated  parts  made  to  your  specifica¬ 
tions.  Write  for  information  or  engineering  assistance. 


of  Motal*  and  Controls  Corporation 
310  FOREST  STREET,  ATTLEBORO,  MASSACHUSETTS 

>  20S  W.  Wacker  Drive,  Chicego,  III.  •  757  W.  Third  St.,  Mansfield,  Ohio  •  36  Eastern  Ave.,  Pasadena,  Calif. 
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Trade  Mark  Registered 


74C1EVEUIID  C0II1AINEII& 

*201  BARBERTON  AVE.  CLEVELAND  2,  OHIO  i 

•  All-Fibr*  Cans  •  Combination  Matol  and  Papor  Cans  I 

•  Spirally  Wound  Tubas  and  Coras  for  all  Purposas  I 

•  Plastic  and  Combination  Papar  and  Plastic  Itams  g 
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cartridge  can  be  quickly  inter¬ 
changed  with  another  that  is  suit¬ 
able  for  the  more  conventional  78- 
rpm  discs.  An  accessory  filter  type 
FL  is  also  available. 

Test  Instrument 

Simpson  Electric  Co.,  6200  West 
Kinzie  St.,  Chicago  44,  Ill.  Model 
221  Roto-Ranger  is  a  high-sensi¬ 
tivity  a-c  and  d-c  volt-ohm-milliam- 
meter  equipped  with  rotating  dials. 


Its  many  applications  include  meas- 
1  urements  of  afe  diode  balancing  cir- 
I  cuits,  grid  currents  of  oscillator 
tubes  and  power  tubes,  avc  diode 
currents  and  high-mu  plate  voltage. 
Direct-current  sensitivity  is  20,000 
ohms  per  volt, 
i 

I  Microcurrent  Measurement 

i  Wallace  &  Tiernan  Products, 
Inc.,  Belleville  9,  N.  J.  announce 
a  portable  d-c  recorder  for  measur¬ 
ing  microcurrents  and  voltages 
where  exact  range  may  be  selected 


COSMALITE^ 
COIL  FORMS 
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Each  spodolly  dosignod  and  pro- 
dpeod  by  us  to  giro  excaptionol 
poriormonca.  ond  at  o  soring 
in  cost  to  this  country's  lood- 
ing  monuiocturars  of  radio 
and  talarlslon  rocalrors. 


Are  you  ianulior  with  our 
#96  COSMALITE  for  coil 
forms  in  all  standard  broad¬ 
cast  receiving  sets;  SLF 
COSMALITE  for  permeabil¬ 
ity  timers;  COSMALITE  de¬ 
flection  yoke  shells,  *  cores 
and  rings? 


Spirally  wound  krait  and  fish  pa¬ 
por  Coil  Forms  and  Condenser 
Tubes. 


Your  specifications  os  to 
punching,  threading,  notch¬ 
ing  and  grooving  ore  fol¬ 
lowed  with  the  most  exact¬ 
ing  core.  Ask  about  our 
many  stock  ptmehing  dies 
available  to  you. 


'  t  . 


n  t 


ranges. 


^JUR  IMSTROWtMTS 

.  .  .  designed  for  exacting  performance 

*  ...  rs.  -  II  ID  icirttiires.  Amonc 


DeJUR-one  of  America's  foremost 

built  conforms  with  JA  ^ 

R.19  specifications  as  well  a 

standards. 

Functional  “all 

curacy  and  dependability  a 


u^mrteristic  DeJUR  features.  Among 
t  n^lt.;  Wes  of  precision  mstru- 
ments  offered  ..are: 

.Voltmeters  * 

.Ammeters  •  Volume  Indicators 

.Milliammeters  .Potentiometers 
•  and  many  others. 

We  solicit  your  inquiries  and  the 
coupon  below  is  for  your  convenience. 


DeJUR  RHEOSTAT-POTENTIOMiTERS 

^ ..  There  are  models  for  electronic  devices, 
radio  transmitters,  dynamic  voltage  con¬ 
trol,  portable  power  amplifiers,  mixing 
^  panels,  spot  welding,  motor  control,  etc. 
ys^vailable  in  standard,  multiple  or 
ganged  units,  and  units  with  special  re¬ 
sistance  values  and  tolerances. - 


DeJUR  ELECTRICAL  INSTRUMENTS 

The  DeJUR  1  'h  -inch  Model  1 1 2  Meter, 
measuring  only  1  %  inches  square  and 
25/32-inch  deep  is  capable  of  doing 
o  man-sized  job  where  space  is  at  a 
premium.  This  meter  is  built  with  fine 

.........k  A _ :i— ui.  .. _ i _ i 


Street.. 


Manufacturers  of  precision  equipment 

for  over  o  quarter  century 


DeJUR-AMSCO  CORPORATION 

45lh  St.  and  Northern  Blvd.,  Long  Island  City  1,  N.  Y. 
Please  send  me  information  regarding  the  instruments 
indicated: 

r~l  Voltmeters  O  Microammeters 

□  Ammeters  O  Volume  Indicators 

□  Milliammeters  □  Potentiometers 

Q  Other . 


Name. 


Firm. 


« 
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NEW  PRODUCTS  (continued) 

by  the  user.  The  unit  is  of  the  mov¬ 
ing  magnet,  interchangeable  coil 
type  and  is  designed  for  continuous 
duty.  Minimum  full  scale  range  is 
0  to  0.1  milliampere  and  maximum 
is  0  to  12  amperes.  Sensitivity  is 
1  part  in  1,000. 


Transcription  Player 

Califone  Corp.,  1041  N.  ^.vcamore 
Ave.,  Hollywood  38,  Calif,  intro¬ 
duce  a  new  portable  transcription 
player.  It  reproduces  with  both 
16-in.  transcriptions  at  33J  rpm 
and  regular  phonograph  records  at 
78  rpm.  It  features  a  wow-free 


HAYDON  1600  SERIES  MOTOR 
INSTALLED  IN 
EAGLE  SIGNAL’S  MICROFLEX  TIMER 


Haydon  engineers,  in  conjunction  with  the  Eagle  Signal  Corporation, 
specified  and  produced  to  order  the  timing  motor  used  in  the  Eagle's 
Microflex  timer.  The  Microflex  provides  an  exact  adjustable  delay 
between  the  closing  of  a  control  circuit  and  the  subsequent  opening 
or  closing  of  a  load  circuit  ...  a  timer  for  industrial  use  where  ac¬ 
curacy  and  dependability  are  paramount.  The  Microflex  is  but  one 
example  of  Haydon's  timing  flexibility  .  .  .  based  on  teaming  timing 
needs  with  such  standard  features  of  all  Haydon  motors  as: 


#  Adaptability  for  individual  requirements  .  .  . 
60  standard  speeds  and  other  variations. 

•  Accuracy  for  all  timing  purposes 
9  Ruggedness  for  maximum  service 


Thousands  of  industrial  applications  have  proved  the  advantages  of 
Haydon  timing  motors  .  .  .  designed  to  fit  your  particular  timing 
needs  .  .  .  showing  that  it  takes  teamwork  to  make  timing  accuracy 
profitable. 

If  it's  time  for  timing,  it's  time  for  Haydon.  Engineering  Data  Catalog 
and  expert  field  service  available  on  request.  For  immediate  reference, 
see  Haydon  Catalog,  Sweet's  File  for  Product  Designers. 


9-in.  turntable,  a  pickup  with  re¬ 
placeable  permanent  needle,  a  wide 
range  amplifier  and  a  heavy  duty 
6-in.  speaker. 
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Small  Radiation  Meter 


Tracerlab,  Inc.,  55  Oliver  St.,  Bos¬ 
ton  10,  Mass.  The  Model  SU-IA 
small  portable  radiation  survey 
meter  facilitates  measurement  of 
radiation  in  places  difficult  of  ac- 


KAY  ELECTRIC  COMPANY 


KAY  INSTRUMENTS 

COVER  ALL  BANDS 


Including  the  proposed  HF-TV  Bonds  (475-890  MC) 


The  MEGA-MATrn 
(  Standard  ) 

Simultanaous  visual  display  oi  rsllsctsd  energy  irom  an¬ 
tennas  and  terminations  when  used  with  standard  oscillo¬ 
scopes.  Band  width  oi  display  30  me  anywhere  between  10  and 
250  me.  Completely  electronic.  Includes  no  slotted  lines,  mov¬ 
ing  parts,  bridges  or  other  irequency  sensitive  devices.  Oscillo¬ 
scope  display  indicates  amount  oi  reilected  energy  vs  irequency. 
Precision  irequency  meter  indicates  irequency  anywhere  along 
the  oscilloscope  display.  Reilection  coeiiicients  as  low  as  0.01 
can  be  observed.  Internal  delay  coble  allows  display  oi  energy 
irom  terminations  oi  nominal  53.5  ohm  impedonce.  External 
delay  cable  may  be  used  to  display  reilected  energy  irom  termi¬ 
nations  oi  any  practical  impedance.  Reilection  coeiiicients, 
standing  wave  ratios,  absolute  value  oi  terminating  impedance 
can  be  calculoted  irom  display — By  use  oi  auxiliary  variable 
irequency  signal  source,  the  phase  angle  oi  the  reilection  coeiii- 
cient  and  resistive  and  reactive  components  oi  terminating  im¬ 
pedance  may  be  calculated. 


Price  $695  f.o.b.  factory 


THE  MEGA-MATTH 
(Modified) 

I 

The  Mega-Match  (Modiiied)  meets  all  oi  the  speciiications  and 
includes  all  the  ieatures  oi  the  standard  model  between  10  to 
500  me.  With  a  slight  increase  in  minimum  observable  reilection 
coeiiicient,  this  model  can  be  used  up  to  1000  me.  Hence  a 
visual  display  oi  reilected  energy  over  band  width  up  to  30  me 
can  be  obtained  irom  10  to  1000  me.  This  periormonce  provides 
an  instrument  suitable  for  use  in  testing  antennas,  terminations, 
and  r.i.  input  circuits  in  the  proposed  high  irequency  television 
bands  and  ior  other  high  irequency  work.  A  convenient  panel 
connector  makes  the  Mega-Sweep  which  iorms  part  oi  both  the 
standard  and  modiiied  models  oi  the  Mega-Match  available  as 
a  sweeping  oscillator. 

Price  $895  f.o.b.  factory 

Note:  Standord  models  now  in  customers*  hands  modiiied  at 
iactory  at  price  oi  $200  i.o.b.  iactory. 


MEGA-SWEEP  pulse  modulated  by  the  MEGA-PULSER 


THE  MEGA-SWEEP 

The  Mega-Sweep,  a  wide  range  sweeping  oscillator  has  been 
widely  used  as  a  source  oi  irequency  modulated  test  signal.  Its 
ieatures  include  a  wide  sweep  (up  to  30  me),  low  amplitude  modula¬ 
tion  while  sweeping  (less  than  0.1  db.  per  megacycle),  negligible 
output  signal  at  irequencies  other  than  swept  bond,  low  output 
impedance  (50  ohms)  and  numerous  others.  It  has  been  advertised 
as  covering  the  irequency  range  oi  50  kc  to  500  me  since  this  range 
covered  most  requirements.  By  simple  internal  adjustment  which 
can  be  made  either  by  the  customer  or  at  our  iactory.  its  range  can 
be  extended  to  1000  me.  The  Mega-Sweep  is  thereiore  applicable 
to  the  proposed  high  irequency  television  bands  cmd  otter  high 
irequency  work.  By  simple  connections  and  aajustments  the 
Mega-Sweep  can  serve  as  a  carrier  source  when  pulse  modulated 
by  the  Mega-Pulser,  providing  ultra  narrow  pulsed  r.i.  at  any 
irequency  to  1000  me. 


THE  MEGA-PULSER 

Provides  very  narrow  pulses  (0.025,  0.05,  0.1  and  0.25 
microseconds  wide),  amplitude  100  volts  positive  or  nega¬ 
tive  across  50  ohms,  repetition  rate  irom  internal  trigger 
100,  1000,  2000  pps.  Output  pulse  delayed  0.25  micro¬ 
seconds  irom  trigger  pulser  available  (positive  or  nega¬ 
tive)  ior  starting  sweep  oi  auxiliary  oscilloscope.  Con  be 
externally  triggered  by  either  positive  or  negative  pulses. 
Output  pulses  .05  microseconds  and  greater  ilat-top,  rise 
and  iall  time  all  output  pulses  0.01  microseconds.  Pro¬ 
vides  o  spectrtun  which  more  than  covers  present  or  pro¬ 
posed  television  video  ompliiiers.  The  Mega-Pulser  may 
be  used  to  pulse  modulate  the  Mega-Sweep  with 
sweep  width  adjusted  to  sero.  This  combination  pro¬ 
vides  a  pulse  modulated  carrier  up  to  1000  me  ior 
studying  transient  response  oi  broad  band  r.i.  circuits. 

Price  $195  f.o.b.  factory 


Price  $395  f.o.b.  factory  Price  $195  f.o.b.  factory 

WRITE  FOR  FULL  SPECIFICATIONS 

KAY  ELECTRIC  CO.,  25  MAPLE  AVE.,  PINE  BROOK,  N.  J. 

Telephone:  CAIdwell  6-3710 
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Haydon  engineers,  in  conjunction  with  the  Eagle  Signal  Corporation, 
specified  and  produced  to  order  the  timing  motor  used  in  the  Eagle's 
Microftex  timer.  The  Microflex  provides  an  exact  adjustable  delay 
between  the  closing  of  a  control  circuit  and  the  subsequent  opening 
or  closing  of  a  load  circuit  ...  a  timer  for  industrial  use  where  ac< 
curacy  and  dependability  are  paramount.  The  Microflex  is  but  one 
example  of  Haydon's  timing  flexibility  .  .  .  based  on  teaming  timing 
needs  with  such  standard  features  of  all  Haydon  motors  as: 

#  Adaptability  for  individual  requirements  .  .  . 

60  standard  speeds  and  other  variations. 

#  Accuracy  for  all  timing  purposes 

9  Ruggedness  for  maximum  service 

Thousands  of  industrial  applications  have  proved  the  advantages  of 
Haydon  timing  motors  .  .  .  designed  to  fit  your  particular  timing 
needs  .  .  .  showing  that  it  takes  teamwork  to  make  timing  accuracy 
profitable. 

If  it's  time  for  timing,  it's  time  for  Haydon.  Engineering  Data  Catalog 
and  expert  field  service  available  on  request.  For  immediate  reference, 
see  Haydon  Catalog,  Sweet's  File  for  Product  Designers. 

Write  2410  Elm  Street,  Torrington,  Connecticut 
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INSTALLED  IN 
EAGLE  SIGNAL’S  MICROFLEX  TIMER 
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by  the  user.  The  unit  is  of  the  mov¬ 
ing  magnet,  interchangeable  coil 
type  and  is  designed  for  continuous 
duty.  Minimum  full  scale  range  is 
0  to  0.1  milliampere  and  maximum 
is  0  to  12  amperes.  Sensitivity  is 
1  part  in  1,000. 


9-in.  turntable,  a  pickup  with  re¬ 
placeable  permanent  needle,  a  wide 
range  amplifier  and  a  heavy  duty 
6-in.  speaker. 

Small  Radiation  Meter 

Tracerlab,  Inc.,  55  Oliver  St.,  Bos¬ 
ton  10,  Mass.  The  Model  SU-IA 
small  portable  radiation  survey 
meter  facilitates  measurement  of 
radiation  in  places  difficult  of  ac- 


i  Transcription  Player 

Califone  Corp.,  1041  N.  Sycamore 
Ave.,  Hollywood  38,  Calif,  intro¬ 
duce  a  new  portable  transcription 
player.  It  reproduces  with  both 
16-in.  transcriptions  at  33J  rpm 
j  and  regular  phonograph  records  at 
I  78  rpm.  It  features  a  wow-free 
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KAY  ELECTRIC  COMPANY 


KAY  INSTRUMENTS 

COVER  ALL  BANDS 

Including  the  proposed  HF-TV  Bands  (475-890  MC) 


The  MEGA-MATCH 
(Standard) 

Simultaneous  visual  display  of  roiloctod  energy  from  an¬ 
tennas  and  terminations  when  used  with  standard  oscillo¬ 
scopes.  Band  width  of  display  30  me  anywhere  between  10  and 
2S0  me.  Completely  electronic.  Includes  no  slotted  lines,  mov¬ 
ing  parts,  bridges  or  other  frequency  sensitive  devices.  Oscillo¬ 
scope  disploy  indicates  amount  of  reflected  energy  vs  frequency. 
Precision  frequency  meter  indicates  frequency  anywhere  along 
the  oscilloscope  display.  Reflection  coefficients  as  low  as  0.01 
can  be  observed.  Internal  delay  coble  allows  disploy  of  energy 
from  terminations  of  nominal  S3.S  ohm  impedance.  External 
delay  cable  may  be  used  to  display  reflected  energy  from  termi¬ 
nations  of  any  practical  impedance.  Reflection  coefficients, 
standing  wave  ratios,  absolute  value  of  terminating  impedance 
can  be  calculated  from  display — By  use  of  ouxiliary  variable 
frequency  signal  source,  the  phase  angle  of  the  reflection  coeffi¬ 
cient  and  resistive  ond  reactive  components  of  terminating  im¬ 
pedance  may  be  calculated. 


Price  $695  f.o.b.  factory 


THE  MEGA-MATCH 
(Modifled) 

( 

The  Mega-Match  (Modified)  meets  all  of  the  specifications  and 
includes  all  the  features  of  the  standard  model  between  10  to 
600  me.  With  a  slight  increase  in  minimum  observable  reflection 
coefficient,  this  model  can  be  used  up  to  1000  me.  Hence  o 
visual  display  of  reflected  energy  over  band  width  up  to  30  me 
can  be  obtained  from  10  to  1000  me.  This  performance  provides 
an  instrument  suitable  for  use  in  testing  antennas,  terminations, 
and  r.f.  input  circuits  in  the  proposed  high  frequency  television 
bands  and  for  other  high  frequency  work.  A  convenient  panel 
connector  makes  the  Mega-Sweep  which  forms  part  of  both  the 
standard  and  modified  models  of  the  Mega-Match  available  as 
a  sweeping  oscillator. 

Price  $895  f.o.b.  factory 

Note:  Standard  models  now  in  customers'  hands  modified  at 
factory  at  price  of  S200  i.o.b.  factory. 


MEGA-SWEEP  pulse  modulated  by  the  MEGA-PULSER 


o 


THE  3IEGA-SWEEP 

The  Mega-Sweep,  a  wide  range  sweeping  oscillator  has  been 
widely  used  as  a  source  of  frequency  modulated  test  signal.  Its 
features  include  a  wide  sweep  (up  to  30  me),  low  amplitude  modula¬ 
tion  while  sweeping  (less  than  0.1  db.  per  megacycle),  negligible 
output  signal  at  frequencies  other  than  swept  bond,  low  output 
impedance  (50  ohms)  and  numerous  others.  It  has  been  advertised 
as  covering  the  frequency  range  of  SO  kc  to  500  me  since  this  roi^e 
covered  most  requirements.  By  simple  internal  adiustment  which 
con  be  made  either  by  the  customer  or  at  our  factory,  its  range  can 
be  extended  to  1000  me.  The  Mega-Sweep  is  therefore  applicable 
to  the  proposed  high  frequency  television  bands  ahd  other  high 
frequency  work.  By  simple  connections  and  adjustments  the 
Mega-Sweep  can  serve  as  a  carrier  source  when  pulse  modulated 
by  the  Mega-Pulser,  providing  ultra  narrow  pulsed  r.f.  at  any 
frequency  to  1000  me. 


Price  $395  f.o.b.  factory 


THE  MEGA-PLXSER 

Provides  very  narrow  pulses  (0.02S,  O.OS,  0.1  and  0.25 
microseconds  wide),  amplitude  100  volts  positive  or  nega¬ 
tive  across  50  ohms,  repetition  rate  from  internal  trigger 
100,  1000,  2000  pps.  Output  pulse  delayed  0.25  micro¬ 
seconds  from  trigger  pulser  available  (positive  or  nega¬ 
tive)  lor  starting  sweep  of  auxiliary  oscilloscope.  Con  be 
externally  triggered  by  either  positive  or  negative  pulses. 
Output  pulses  .05  microseconds  and  greater  flat-top,  rise 
and  fall  time  all  output  pulses  0.01  microseconds.  Pro¬ 
vides  a  spectrum  which  more  than  covers  present  or  pro¬ 
posed  television  video  amplifiers.  The  Mega-Pulser  may 
be  used  to  pulse  modulate  the  Mega-Sweep  with 
sweep  width  adjusted  to  sero.  This  combination  pro¬ 
vides  o  pulse  modulated  carrier  up  to  1000  me  for 
studying  transient  response  of  broad  bond  r.f.  circuits. 

Price  $195  f.o.b.  factory 


WRITE  FOR  FULL  SPECIFICATIONS 

KAY  ELECTRIC  CO.,  25  MAPLE  AVE.,  PINE  BROOK,  N.  J. 

Telephone:  CAIdwell  6-3710 
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ELECTRONIC  VOLTMETER 


For  every  requirement 


standard 

Mod*l  300 


frOONTON,  NEW  JERSEY,  U.  S.  A. 


Ideal  for  the  Accurate  measure¬ 
ment  of  AC  voltages  in  the  Audio, 
Su|>ersonic,  Carrier  Current  and 
Television  ranges. 


Use  of  lx>garithmic  voltage  scale  as¬ 
sures  uniform  accuracy  of  reading 
over  whole  scale  while  permitting 
range  switching  in  decade  steps.  ' 


Elach  Voltmeter  equipped  with  an 
output  jack  so  that  the  instru¬ 
ments  can  be  used  as  a  high-  ^ 
gain  stable  amplifier. 


SPECIFICATIONS 

MODEL  300 

RANGE— .001  to  100  volts. 
FREQUENCY— 10  to  150,000  cycUs. 
ACCURACY— 2%  at  any  point  on  seal*. 
AC  OPERATION— 110-120  volts. 


Model  304 
R-F 

VOLTMETER 


MODEL  304 


RANGE— .001  to  100  volts. 

FREQUENCY— 30  c.p.s.  to  5.5  megocyclot 
ACCURACY— 0.5  DB. 

AC  OPERATION— 110-120  volts. 

MODEL  302 

RANGE— .001  to  lOOvoHs 
FREQUENCY— 5  to  150,000  cyclot. 
ACCURACY— 2%  at  any  point  on  seal*. 
DC  OPERATION — self-contained  batteries. 

Send  for  Bulletin  for  further  description 


Model  302 
BAHERY 
OPERATED 


B4LIAYTI1  LABeftATORIES,  II. 


NEW  PRODUCTS  (coeHnued) 

cess.  The  unit  has  three  full-scale 
ranges*  of  approximately  25,  250 
and  2,500  milliroentgens  per  hour. 
It  is  powered  by  ten  small  batteries 
mounted  in  a  replaceable  Incite  en¬ 
closure  within  the  main  instrument 
case. 

Regulated  Power  Supply 

The  Howard  Co.,  934  Argyle  Road, 
Drexel  Hill,  Pa.  The  new  300-volt, 
200-ma  power  supply  is  regulated 


within  1  volt  from  zero  to  full  load 
I  with  line  voltage  variation  from 
105  to  125  volts.  Ripple  is  less 
than  10  millivolts  at  full  load  with 
115  volts  input. 


33.3  rpm.  The  unit  will  handle  up 
to  ten  12-in.  or  twelve  10-in. 
records  for  a  total  playing  time  of 
four  hours.  Retail  price  is  $38.75. 


High-Fidelity  Recording 

,  Precision  Audio  Products,  Inc., 

i  1133  Broadway,  New  York  10,  N.  Y. 

!  The  Wiremaster,  a  new  wire  re¬ 
corder,  has  13  tubes  with  push-pull 
6V6  output  and  records  and  repro¬ 
duces  a  frequency  response  of  40  to 
10,000  cycles.  Its  8-in.  extended 


Microgroove  Changer 

I  Webster  Chicago  Corp.,  5622 
I  Bloomingdale  Ave.,  Chicago  39,  Ill. 
I  Model  133  has  been  designed  to 
I  play  new  long-playing  records  at 

j 
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AIRCRAFT  MANUFACTURERS 


RELY  ON... 


FILTRONS  OFFER: 

Low  Cost  *  High  Attenuation 
Dependability  *  Light  Weight 
Small  Size  *  No  Maintenance 
*  Hermetically  Sealed 


Shielded  Spherical-Seat  Terminal 
Fillron  —  designed  for  continuous  high 
attenuation  from  1 50  ke  to  well  above 
200  me 


Boeing  BSO  filtered  by  Filtren  ter 
rodio  int«rf«rence-free  dp^rotion. 


I  ILjilVUlTU  STOP  CONDUCTED  AND  RADIATED  INTERFERENCE  AT  THE  SOURCE 


THOUSANDS  OF  FILTRONS  -  radio  in¬ 
terference  filters  — are  standard  equipment 
on  the  majority  of  current  Aircraft  produc¬ 
tion.  Thousands  of  others  are  in  use  in  vital 
equipment  where  radio  interference  must 
be  suppressed. 

Filtron's  experienced  Engineers,  recog¬ 
nized  authorities  in  the  noise-suppression 
field,  are  available  — immediately  — to  mea¬ 
sure  the  RF  interference  caused  by  your 
product,  and  to  specify  a  standard  Filtron, 
or  design  the  proper  filter  to  meet  Army, 
Navy,  Air  Force  or  FCC  interference  speci¬ 
fications. 

Filtron  will  design  the  RIGHT  filter  for 
your  circuit  conditions,  with  exactly  the 
right  attenuation,  ampere  rating,  voltage 
drop,  temperarure  rise,  mechanical  ar¬ 
rangement,  and  space  and  weight  limita¬ 
tions.  Filtrons  of  any  current  or  voltage 


rating  will  be  designed  to  meet  your  ap¬ 
plication. 

Filtron's  production  capacity  and  skill 
will  meet  your  delivery  requirements. 

All  measurements  are  made  in  our  new 
modern  specially-designed  shielded  Radio 
Noise  Suppression  Laboratory. 

"Filtron,"  the  largest  exclusive  manu¬ 
facturer  of  Radio  Noise  Filters,  offers  you 
the  PROMPT  services  of  their  Engineers  and 
facilities  to  make  your  product"Noise  Free." 


RADIO  NOISE  FILTERS  FOR: 


INCORPORATED 

38-25  BELL  BOULEVARD 
BAYSIDE,  NEW  YORK  CIH,  N.  Y. 


Electric  Motors 
Electric  Generators 
Electronic  Controls 
Electronic  Equipment 
Fluorescent  Lights 
Oil  Burners 


Signal  Systems 

Business  Machines 

Electronic  Heating 
Equipment 

Electric  Appliances 

Electronic  Signs 


SEND  FOR  CATALOG 
AND  ENGINEERING  MANUAL  No.  FC-20 
Write  for  catalog  on  your  letterhead  — 
it  contains  complete  electrical  and  me¬ 
chanical  characteristics  of  standard 
Filtrons. 


LARGEST  EXCLUSIVE  MANUFACTURER  OF  RADIO  NOISE  FILTERS 
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Literature. 


range  speaker  is  in  a  separate 
cabinet  to  avoid  vibration  and  acous¬ 
tical  feedback.  By  panel  controls 
the  user  can  record  on  wire  directly 
from  the  self-contained  radio  or 
phonograph.  Spools  are  available 
in  15,  30  and  60-minute  lengths. 


House  Organ.  Micro  Switch,  Free¬ 
port,  Ill.  Micro  Tips,  vol  1,  no.  2 
contains  a  number  of  suggestions 
for  use  of  snap  action  switches 
including  one  for  pushing  the  dog 
out  after  dinner. 


Portable  Flaw  Tester.  Sperry 
Products  Co.,  Danbury,  Conn.  The 
new  portable  SR05  Supersonic  Re- 
flectoscope  is  pictured  in  reprint 
3013  and  further  described  in 
bulletin  3001. 


Wire  Dereelers.  Rea  Magnet  Wire 
Co.,  Inc.,  Fort  Wayne,  Indiana,  has 
put  out  a  two-color,  4-page  bro¬ 
chure  on  a  line  of  magnet  wire 
dereelers  that  load  quickly  and 
give  visibility  in  the  running  posi¬ 
tion. 


Special  Tools.  Palnut  Co.,  61 
Cordier  St.,  Irvington  11,  N.  J. 
Special  adaptors  for  many  ordi¬ 
nary  hand  tools  to  adapt  them  to 
speedier  assembly  with  Palnuts 
only  are  described  in  a  4-page 
brochure. 


General  Price  List.  Andrew  Corp., 
363  E,  75th  St,  Chicago  19, 
Ill.  Bulletin  lOA  is  a  comprehen¬ 
sive  tabulation  of  all  transmission 
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At  long  last 


The  G.M.  counter  tube  reaches  maturity 
in  the  new  all  metal  *THYRODE  1B85 


The  new  THYRODE  is  a  pre¬ 
cision  counter  tube,  designed 
to  utilize  quantity  production 
methods.  The  .005  inch  alu¬ 
minum*  wall,  r  i  b  re-enforced, 
adds  strength  to  its  inherent 
stability  and  accuracy. 


Priced  at 
$7.50 

CHARACTERISTICS 

Overall  length . 4-1  8  inches 

Active  length . 2-3/4  inches 

Shell  diameter . 3  4  inches 

Absorption  . 30  mgm/cm^ 

Operating  voltage . 900  volts 

(center  of  plateau) 

Plateau  length  . 200  volts 

Plateau  slope . 3%  100  volts 

Temperature  ronge. .  .5“  C.  to  70*  C. 
Life . 10*  counts 


•THYRODE 

A  Victoreen  trademark  for  radiation 
counter  tubes 


Victoreen  radiation  measuring  instruments  for  labora¬ 
tory  and  field  determinations  together  with  such  com¬ 
ponents  as  the  VX  series  subminiature  electrometer 
tubes,  vacuum  sealed  hi-meg  resistors  and  G-M  counter 
tubes  have  made  notable  contributions  to  the  present 
refinement  of  radiation  instrumentation. 


"VUStoteen 


5806  Hough  Avenue 
Cleveland  3,  Ohio 


T 


T 


MBIlOW  “*** '**‘* 


VIORK. 


McGraw-Hill  Industrial  Mailing  Lists  are  a  direct 
route  to  today's  purchase-controlling  executives 
and  technicians  in  practically  every  major  in¬ 
dustry. 

These  names  are  oi  particular  value  now  when 
most  manufacturers  ore  experiencing  constantly 
increasing  difficulty  in  maintaining  their  own 
lists. 

Probably  no  other  organization  is  as  well 
equipped  as  McGraw-Hill  to  solve  the  compli¬ 
cated  problem  of  list  maintenance  during  this 
period  of  unparalleled  changes  in  industrial 
personnel.  These  lists  are  compiled  from  exclu¬ 
sive  sources,  based  on  himdreds  of  thousands  of 
mail  questionnaires  and  the  reports  of  a  nation¬ 
wide  field  staff,  and  are  maintained 
on  a  twenty-four  hour  basis. 


Investigate  their  tremendous  possi¬ 
bilities  in  relation  to  your  own  prod¬ 
uct  or  service.  Your  specifications  are 
our  guide  in  recommending  the  par¬ 
ticular  McGraw-Hill  lists  that  best 
cover  your  market.  When  planning 
your  industrial  advertising  and  sales 
promotional  activities,  ask  for  more 
facts  or,  better  still,  write  today.  No 
obligation,  of  course. 


McGRAW-HILL 

DIRECT  MAIL  LIST  SERVICE 


McGraw-Hill  Publishing  Co.,  Inc. 

D/RECT  MAIL  DIVISION 


330  West  42nd  Street 


New  York.  18.  N.  Y. 
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line,  antenna,  and  related  equip¬ 
ment,  with  type  numbers,  descrip¬ 
tions  and  prices  for  over  600  items. 
A  cross  index  is  enclosed  with  the 
bulletin. 


OSCILLOSYNCHROSCOPE 
Model  OL-15B^ 

Doolgnod  for  mcodmum  usofulnOM  in  lobora- 
lortoa  doing  a  Tortoty  of  roeocnch  work,  this 
instrumoat  is  suited  to  radenr,  telerisioa,  com- 
manlcatioii,  facsimilo.  omd  appUcatlons  IiitoIt- 
ing  extremely  short  pulses  or  tronsionts.  It 
prorldee  o  Torlety  of  time  bases,  triggers, 
phaeiag  oad  deloy  circuits,  and  oxtendod- 
rango  amplifiers  in  combination  with  oil 
standard  oadOoacojie  functions. 


Fiber.  Spaulding  Fibre  Co.,  Inc., 
310  Wheeler  St.,  Tonawanda,  N.  Y. 
Various  types  and  grades  of  fiber 
rod  are  summarized  and  listed  in 
a  recently  issued  brochure. 


Fasteners.  Shakeproof  Inc.,  2501 
North  Keeler  Ave.,  Chicago  39,  Ill., 
has  issued  a  booklet  entitled 
“Fastening  Suggestions”  that  de¬ 
scribes  a  number  of  special  fast¬ 
ener  problems  and  their  solution. 


THtSi  FiATUkiS  Akt  IMPOkTANT  TO  YOU 

•  Extended  -  rongo  omplifiers:  TorticoL 
flot  within  3  db  S  cycles  to  6  mogo- 
cycles:  horisontaL  flot  within  1  db 
5  cycles  to  1  megacycle. 

•  High  sonsitiTlty:  Torticol.  0.05  BMS 
▼olts  per  inch;  horisontol  0.1  RMS 
▼olts  per  inch. 

•  Singlo^woop  triggered  time  base  per¬ 
mits  obserrotion  of  tronsionts  or  ir¬ 


regularly  recurring  phenomena. 

•  Varloble  deloy  circuit  usable  with 
extemol  or  internal  trigger  or  sepa- 
rote  from  ‘scope. 

•  Sowtooth  sweep  range  coTers  5 
cycles  to  500  kilocycles  per  second. 

•  4.000  Tolt  occeleration  glTos  superior 
Intensity  and  definition. 

For  complete  dato.  request  Bulletin  4810-MO 

SWEEP  CALIBRATOR  SQUARE-WAVE  MODULATOR 

_  AND  POWER  SUPPLY 


Shielded-Section  Capacitor.  Cor¬ 
nell  Dubilier,  South  Plainfield, 

N.  J.  A  shielded  multiple  section 
capacitor  type  MC-9A63  has  four 

O. 02-microfarad  sections  with 
voltage  ratings  for  500  v  d-c.  De¬ 
tails  are  given  in  sheet  NB-107. 


Rectifier.  National  Electronics, 
Inc.,  Geneva,  Ill.,  has  recently  re¬ 
leased  full  technical  information 
on  the  new  single  ended  2-ampere 
industrial  rectifier  tube  type  NL- 
649. 


Model  GL^SR 

This  Torsotile  source  of  timing  morkers 
provides  these  requisites  for  accurote 
time  ond  frequency  measurements  with 
an  oscilloscope: 

•  Positive  and  negative  markers  at 
0.1.  0.5.  1.0,  10,  and  100  micro¬ 
seconds. 

a  Marker  amplitude  variable  to  50 
volts. 

•  Gate  having  variable  width  and 
amplitude  for  blonking  or  timing. 

•  Trigger  generotor  with  positive 
and  negative  outputs. 

Further  details  ore  given  in 
BuUetin  4810-MC. 


Here  is  the  heart  of  a  super  high  fre¬ 
quency  signal  generator  with  square 
wove.  FM,  or  pulse  modulation.  Pro¬ 
vides  for  grid  pulse  modulation  to  60 
volts,  reflector  pulse  modulation  to  100 
volts,  square  wove  modulation  from 
600  to  2.500  cycles.  Voltage-regulated 
power  supply  continuously  variable 
280-480  or  180 — 300  volts  dc.  For  addi¬ 
tional  data  and  application  notes,  see 
Bulletin  4810-MM. 


Brushes.  Stackpole  Carbon  Co., 
St.  Marys,  Pa.  A  44-page  “Frac¬ 
tional  Horsepower  Equipment  Us¬ 
er’s  Guide”  just  issued  contains 
helpful  information  on  selecting 
and  applying  brushes  for  longer 
life  and  better  performance. 


Battery  Terminal.  James  A.  Stan¬ 
ley  Co.,  277  Broadway,  New  York 
7,  N.  Y.  A  brochure  can  be  had 
describing  the  new  B-319  battery 
terminal  that  employs  a  spring- 
tension  connection  to  a  storage 
battery  terminal  post.  The  new 
terminal  is  particularly  useful  in 
mobile  radio  installations. 


STANDING  WAVE  RATIO  METER  AND  HIGH  GAIN  AUDIO  AMPLIFIER 
Modtl  TAA-16 

•  Standing  wave  voltage  ratios  ore  read  directly 

on  the  panel  meter  of  this  accurate 

measuring  instrument. 

•  Frequency  range  to  5.000  cycles  per  second. 

•  Two  Input  chaxmels  with  separate  gain  control 
for  each. 

•  "Wide-bond"  sensitivity  15  microvolts  full  scale. 

•  "Selective"  seiuitivity  10  microvolts  fuU  scale. 
Write  for  Bulletin  4810-MA  con-  •  Bolometer/crystol  switch  adjusts  input  circuit  to 
tolaing  full  details  of  this  use-  signol  source. 

fal  Instrument 


A-C  Motor  Control.  Louis  Allis 
Co.,  Milwaukee  7,  Wis.  Character¬ 
istics  of  the  Ajusto-Spede  are  pre¬ 
sented  in  four  pages.  The  device 
is  characterized  as  an  a-c  motor 
having  infinitely  adjustable  speed. 


Im  Canada,  addraBM  Meos- 
urenMnt  Engineering  Ltd. 
Amprlor,  Ontorlo. 


Photoelectric  Counter.  Photo¬ 
switch,  Inc.,  77  Broadway,  Cam¬ 
bridge  42,  Mass.  Bulletin  PA482 
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MEMO  TO  PRESIDENTS 
WHO  WATCHED 
THE  BAND  GO  BY! 


W»e’s  one  parade  that  isn’t  “all  over  but  the 
shouting”  after  the  band  has  passed.  It’s  the 
Payroll  Savings  Plan  for  the  regular  purchase 
of  U.  S.  Security  Bonds  by  employees. 

Though  the  formal  spring  campaign  to  sell 
Bonds  is  over,  any  company  can  still  move  for¬ 
ward  with  the  parade.  Right  now  thousands  of 
companies  are  putting  additional  push  behind 
their  Payroll  Savings  Plans.  Managements  of 
many  companies  that  have  not  yet  participated 
are  now  installing  the  Plan. 

It’s  a  “look-ahead”  plan,  that  benefits  employee, 
company,  and  nation.  Every  $3  invested  in  Bonds 
pay  $4  at  maturity.  Personnel  records  in  the 
plants  with  active  P.  S.P.  programs  show  im¬ 
proved  employee  attitudes— evidenced  by  less 
absenteeism  and  fewer  accidents— as  the  indi¬ 
vidual’s  sense  of  security  grows  with  Bond  pur¬ 
chases.  And  every  Security  Bond  dollar  built  up 
in'  the  Treasury  retires  a  dollar  of  the  national 
debt  that  is  potentially  inflationary.  It  means  less 
bidding-up  of  prices.  Moreover,  Bond  buyers  arc 
better  citizens  because  they  have  a  tangible  stake 
in  the  nation’s  future. 

It’s  just  as  easy  to  take  action  now  as  when  the 
campaign  was  at  its  height.  Just  call  your  Treas¬ 
ury  Department’s  State  Director,  Savings  Bonds 
Division,  and  ask  for  the  material  that  helps  to 
get  a  Payroll  Plan  started  or  to  keep  it  rolling. 


The  Treasury  Department  acknowledges  with  appreciation  the  publication  of  this  message  by 
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This  is  an  official  U.S.  Treosury  advertisement  prepared  under  the  auspices  of  the 
Treasury  Department  and  the  Advertising  Council. 
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NEW  PRODUCTS 


(contin  '  ;d) 


shows  the  various  uses  for  t;  pe 
20  AP5  photoelectric  counter  de¬ 
signed  particularly  for  cas^'  and 
bottle  counting,  textile  and  leather 
piece  goods,  as  well  as  fres'  y 
painted  and  .hot  objects. 


f^HATHAWAY 

for  EVERY  purpose 


Electrosensitive  Papers.  A 
Paper  and  Engineering  Co., 
Riverside  Ave.,  Brockton  27,  M 
Papers  for  all  kinds  of.  recordi 
devices  that  employ  electrol: 
papers  are  described  in  a  minm 
graphed  brochure  that  gives  ch. 
acteristics  and  prices. 


S8-B  General  Purpose,  12  to 
24  elements,  for  laboratory  or  field 
use,  quick-change  transmission  for 
wide  range  of  record  speeds,  auto¬ 
matic  titling  and  numbering,  auto¬ 
matic  record-length  control,  tuning 
fork  time  marker,  galvanometer 
attenuators,  governor  motor. 

(Bulletin  SPIES) 

SBC  General  Purpose,  24  to  36 
elements,  otherwise  same  as  type  S8-B. 

(Bulletin  SPIES) 

S8D  General  Purpose,  12  to  24  ele¬ 
ments.  similar  to  type  S8-B  except  without 
automatic  controls.  (Bulletin  SP17S) 

S12A  Small  Portable,  Gen¬ 
eral  Purpose,  the  smallest  com¬ 
plete  12-element  oscillograph. 

(Bulletin  SP1E7) 

S6A  Geophysical,  12  elements. 


Hardware  and  Parts.  General  Ce¬ 
ment  Mfg.  Co.,  Rockford,  Ill.  A 
new  64-page  catalog  recently 
issued  lists  radio  and  electronic 
products,  chemicals,  hardware, 
kits,  insulation,  and  other  items 
of  interest  in  the  electronics  field. 


Meters.  Millivac  Instruments,  PO 
Box  3027,  New  Haven,  Conn.  Type 
MV717A  vacuum-tube  millivolt- 
meter  and  type  MV73A  multipur¬ 
pose  vacuum  tube  meter  are  both 
pictured  in  brochures  recently 
made  available  from  the  company. 


Marking  Machines.  Adolph  Gotts- 
cho,  Inc.,  1  Hudson  St.,  New  York 
13,  N.  Y.  An  8-page  catalog 
describes  18  different  marking  and 
code-dating  machines  that  are 
useful  in  packaging  all  types  of 
electronic  equipment. 


jO*0  Geophysical,  24  elements. 

SI  4' A  Student's  Oscillograph, 
6  to  12  elements,  ultra-simple,  low 
in  cost.  (Bulletin  SP183) 


Portable  Self-Powered,  6  ele¬ 
ments,  for  use  where  very  small  size  is 
essential  and  power  is  not  available.  ' 
(Bulletin  SP193) 

SC16A  Cathode  Ray,  6  elements, 

very  high  frequency  response  and  writing 
speed,  record  speed  to  6000  inches  per 
second.  (Bulletin  SP194) 


Molded  Cores.  Lenkurt  Electric 
Co.,  1113  County  Road,  San  Carlos, 
Calif.  “Trancors  by  Lenkurt”  is 
the  title  of  a  new  24-page  folder 
describing  a  complete  line  of 
molded  magnetic  core.s,  core 
assemblies,  coil  assemblies,  and 
filters. 


loy-A  Automatic  Oscillograph,  12 
elements,  for  switchboard  or  portable  use. 
for  automatic  recording  of  faults  or  staged 
system  testing,  high-speed  starting. 

(Bulletin  SP19E) 


Speaker  Folder.  Altec  Lansing 
Corp.,  250  West  57th  St.,  New 
York  19,  N.  Y.  A  two  color  folder 
announces  a  new  line  of  general 
purpose  loudspeakers.  Frequency 
response  curves  and  methods  of 
obtaining  the  curves  are  pre¬ 
sented.  Available  cabinets  are 
also  illustrated. 


WHATEVER  YOUR  REQUIREMENTS  MAY 
BE  THERE  IS  A 

HATHAWAY  OSCILLOGRAPH  FOR  YOU 


Contactors.  Ward  Leonard  Co.,  31 
South  St.,  Mount  Vernon,  N.  Y. 
For  the  bigger  transmitters  and 
heavy  industrial  control  equip¬ 
ment  engineers  will  want  to  see 


INSTRUMENT  COMPANY 
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American  Television  s  Radio  Co. 

"Pi-ocCuctT  ScHCC 

k  SAINT  PAUL  1,  MINNESOTA-U.  S.  A 


NEW  PRODUCTS  (continued) 

copi  s  of  bulletins  4452  and  4453 
desciribing  heavy-duty  solenoid 
conU  'Ttors. 


High-Frequency  Resistors.  Inter¬ 
na!  *  \ial  Resistance  Co.,  401  N. 
Br*  St,  Philadelphia  8,  Pa, 
Co  ete  specifications  and  char- 
ac^  .sties  for  type  MP  high-fre- 
qu'  :y  resistors  are  given  in  a  4- 
pr  technical  data  bulletin  F-1 


M'  r  Controls.  Square  D  Co., 
4(  N.  Richards  St,  Milwaukee 
V  Wis.  New  products  and  modi- 
fi  listings  for  holders  of  the 
El  :tric  Motor  Control  catalog 
were  issued  as  of  July  28,  1948. 


Crystals.  Reeves-Hoffman  Corp., 
321  Cherry  St,  Carlisle,  Pa.  A 
catalog  covers  the  complete  line 
of  quartz  crystal  units  for  calibra¬ 
tion,  mobile,  aircraft,  and  com¬ 
mercial  crystal  applications.  Bulle¬ 
tin  RHC  features  a  small  uni¬ 
versal  holder  for  frequency  cover¬ 
age  from  50  kc  to  100  me. 


A-M  Transmitters.  Radio  Corp. 
of  America,  Camden,  N.  J.  A  24- 
page  descriptive  brochure  pro¬ 
vides  comprehensive  information 
on  5-kw  and  10-kw  a-m  broadcast 
transmitters.  It  is  profusely  illus¬ 
trated  with  schematic  diagrams, 
specifications,  layouts,  and  photo¬ 
graphs.  Write  Department  516. 


For  Inverting  D.  C.  to  A.  C.  •  •  • 

Specially  Designed  for  operating  A.  C.  Radios, 
Television  Sets,  Amplifiers,  Address  Systems,  and 
Radio  Test  Equipment  from  D.  C.  Voltages  in 
Vehicles,  Ships,  Trains,  Planes  and  in  D.C.  Districts. 


Capacitor,  Tetrode,  and  Socket. 
Eitel-McCullough,  Inc.,  San  Bruno, 
Calif.  Variable  vacuum  capaci¬ 
tors  that  can  be  mounted  singly  or 
in  gangs,  the  type  4-400A  r-f  amp¬ 
lifier  power  tetrode,  and  the 
special  air-system  socket  are  all 
pictured  in  brochures  available 
from  the  company. 


New  Models 


AUTO  RADIO 

VIBRATORS 

A  Cempfefe  l/ne  of  Vbnton  .  .  . 
Designed  for  Use  In  Standard  Vibrator- 
Operated  Auto  Radio  Receivers.  BuRt 
with  Precision  Construction,  foaturing 
Coromk  Slack  Spocers  for  Longer  lasting 


”A’*BAnERY  J|F^a 
ELIMINATORS  IJi^  ^ 

Per  DEMONSTRATING  AND  TESTING 
AUTO  RADIOS 

New  Models  . .  .  Designed  for  Testing 
D.  C  Bectrkal  Apparatus  on  Regular 
A  C  Lines.  Equipped  with  Full -Wove 
Dry  Disc  Type  Rectifier,  Assuring  Noise- 
le^  Interference-Free  Operation  and 
Extreme  Long  Life  and  ReiiabUity. 


Metal  Problems.  International 
Nickel  Co.,  Inc.,  67  Wall  St.,  New 
York  5,  N.  Y.  A  new  booklet  en¬ 
titled  “66  Practical  Ideas  for 
Metal  Problems  in  Electrical  Pro¬ 
ducts”  should  be  interesting  read¬ 
ing  for  the  designer  of  electronic 
products  with  problems  in  choice 
of  proper  metal  for  fabrication. 


Assorted  Instruments.  Kalbfell 
Laboratories,  Inc.,  1076  Morena 
Blvd.,  San  Diego  10,  Calif.  A 
heterodyne  detector,  bridged-T  fil¬ 
ter,  decade  amplifier,  and  the 
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92  Gold  St.  Cable  Address 

New  York  7.  N.  Y.  PANORAMIC.  NEW  YORK 

Exclusive  Conocjtan  Representotivc:  Canadian  Marccni.  ltd 


ELECTRONIC  INSTRUMENTS 


FASTER,  SIMPLER 

AUDIO  ANALYSIS 

with  Model  AP-1 


/  Custom  Build  \ 
Your  Own 
Terminal  Blocks 
with 

CURTIS  TYPE  "M” 

Build-Up 

TERMINAL  BLOCK 
V  KITS 


Type  "M"  Blocks  ore 
designed  with  ample 
clearance  and  creep- 
age  distances  for  use 
in  circuits  carrying 
up  to  300  volts,  15 
amps. 


Curtis  Type  "M"  Terminal  Blocks  are  dow  avail¬ 
able  in  convenient  kits  .  .  .  with  sufficient 
components  to  make  up  a  number  of  custom 
or  one-time  blocks.  Easy  and  quick  .  .  .  you 
can  build  blocks  with  an  assortment  of  terminals 
from  2  to  12.  Molded  terminals  provide  ample 
insulation  from  metal  base.  Type  "M"  kits  are 
the  answer  for  engineering,  research,  mainte¬ 
nance  ond  repair.  Order  your  supply  today! 


PANORAMIC 
SONIC  ANALYZER 


Reduce  time,  complexity  and  cost  of  mak¬ 
ing  audio  measurements  with  the  unusual 
advantoges  offered  by  the  Panoramic 
Sonic  Analyzer.  By  resolving  a  complex 
audio  wave  into  a  spectrograph  showing 
the  frequency  distribution  and  voltage  am¬ 
plitude  of  the  components.  Model  AP-1 . . . 

•  Eliminates  slow  point- by- point  fre¬ 
quency  checks  •  Provides  a  quick 
overall  view  of  the  audio  spectrum 
■  Enables  determination  of  changes 
In  waveform  content  while  parame¬ 
ters  are  varied  •  Furnishes  simple 
presentations  for  production  line 


Write  t  o  r 
your  copy 
of  Bulletin 
DS-122 


Terminal  Block  Soles 
5  North  Crawford  Avenue 
Chicago  24,  Illinois 


Four  commonly  used  voltages  from  a 
single  compoct  unit!  Separate  voltage 
supplies,  ordinarily  derived  from  three  or 
four  cumbersome  power  units,  now  con¬ 
centrated  in  one!.  That  is  what  the  Kepco 
Multiple  Power  Supply  brings  to  busy 
engineers  in  the  industrial  laboratory,  for 
greater  convenience  and  speed  in  experi¬ 
ments  and  research  work. 

Any  voltage  you  need  is  instantly  avail¬ 
able  through  the  Kepco  Multiple  Power 
Supply — for  heater,  plote  and  grids — for 
studying  the  characteristics  of  vacuum  and 
gas  filled  tubes.  Contains: 

Two  continuously  variable  B  supplies  from 
0  to  300  volts  or  currents  up  to  120  ma. 
One  continuously  variable  C  supply  from 
minus  50  to  plus  50  volts  at  5  ma. 

One  heater  supply  delivering  6.3  volts  at 
5  amperes. 

The  two  B  supplies  originate  from  a 
common  power  transformer;  the  C  supply 


40  I  100  100  «oo  600  m  zx  4X6x1  zcx 

CYCLES 

Fanoratnie  Sonic  Spectrograph  of 
750  cps  square  wave. 

Usm  Model  AP-1  for  analyzing  . . . 

•  Harmonics  •  Intermodulation  *  Vibra¬ 
tion  •  Noise  •  Acoustics  •  Materials 

Features  . . .  Continuous  scanning  from  40- 
20,000  cps  in  one  second  •  Wide  input 
voltage  range  *  Linear  and  log  voltage 
:cale  *  Closely  logarithmic  frequency  scale 

•  Built-in  voltage  and  frequency  calibra¬ 
tor  •  Simple  operation. 

Visit  our  Booth  #7 
Nationai  Eiectronica  Conferonca 


originates  from  a  separate  power  trans¬ 
former  and  rectifying  circuit.  B  supplies 
cannot  be  burned  out  even  if  terminals 
are  shorted.  Control  circuit  eliminates  the 
use  of  heavy  duty  power  potential  dividers. 

Complete  voltage  control  from  front 
panel,  including  power  switch  and  pilot 
light  indicating  "Off"  and  "On."  All 
voltages  brought  out  to  binding  posts  along 
lower  edge  of  front  panel. 

Strong  construction;  all  component  parts 
of  highest  quality.  Dimensions:  Length 
16";  height  8";  depth  8  H".  Weight  28 


Complete  details 
on  request 

Kepco  Laboratories, 
Inc. 

149-14  41st  Avenue, 
Flushing,  N.  Y. 
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new  products 


(continued) 


micro-miker  are  briefly  listed  on  a 
specification  sheet. 


Components.  Aircraft  Radio  Corp.,  j 
Boonton,  N.  J.  A  series  of  bulletins 
made  up  in  catalog  form  covering  a 
wide  variety  of  test  equipment,  mi¬ 
crowave  accessories  and  electronic 
component  parts.  Photographs  and 
mechanical  drawings  are  included. 


Wire  Catalog.  Alpha  Wire  Corp., 
New  York  13,  N.  Y.  A  complete 
line  of  wire  and  wire  products  for 
the  radio,  automotive  and  elec¬ 
trical  industries  is  covered  in  the 
twelve-page  catalog  no.  48.  Speci¬ 
fications  for  each  type  are  given. 


Coil  Winding.  Universal  Winding 
Co.,  P.O.  Box  1605,  Providence  1, 
R.  I.  Information  covering  im¬ 
provements  in  coil  winding  equip¬ 
ment  and  new  ideas  in  the  wind¬ 
ing  operation  may  be  found  in  a 
series  of  single  sheet  publications. 


Capacitor  Information.  Herlec 
Corporation,  422  North  Fifth  St., 
Milwaukee  3,  Wisconsin,  recently 
issued  two  new  catalog  sheets. 
One  deals  with  types,  physical  di¬ 
mensions  and  standard  values  of 
bypass  and  audio  coupling  capac¬ 
itors  together  with  diagrams  of 
“Bulplates,”  incorporating  several 
capacitors.  The  other  gives  a  gen¬ 
eral  description,  specifications, 
and  instructions  for  ordering 
metal  cup  capacitors. 


Antennas.  Tricraft  Products  Co.,  i 
1535  N.  Ashland  Ave.,  Chicago  22,  ' 
Ill.,  presents  in  a  16-page  booklet  | 
the  electrical  performance  data  on  i 
the  models  300  and  400  all-wave  ' 
television  and  f-m  antennas.  Two 
descriptive  catalog  leaflets  are 
also  included. 

Machining  Plastics.  Monsanto 
Chemical  Co.,  Springfield,  Mass.  , 
Bulletin  52  tells  how  to  do  it  if  the 
cost  of  a  polystyrene  plastic  arti¬ 
cle  is  below  that  warranting  the 
use  of  an  expensive  mold. 

[  Tube  Applications.  Radio  Corp. 
of  America,  Harrison,  N.  J.  Several 
new  tube  application  notes  num¬ 
bered  AN-134  through  AN-137 
have  recently  been  issued  dealing 
with  adjustment  of  filament  voltage 

I 
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Finished  speaker 
test  for  buzz, 
spurious  response 
and  acoustical 
characteristics. 


SELECTION  by  TEST 

means  FINER  SPEAKERS  for  YOU 


From  the  primary  elements  that  enter  into  the  assembly  cf 
a  General  Electric  speaker,  down  to  the  completed  unit, 
tests  are  made  continuously  to  maintain  quality  standards. 

Before  it  is  shipped,  every  G~E  speaker  is  give)!  a  final  test — 
buzz,  spurious  response  a)id  acoustical  characteristics  are 
carefully  checked. 

Every  speaker  must  meet  that  final  test  satisfactorily 
before  it  can  be  shipped.  Such  care  in  checking  results 
in  greater  acceptance,  customer  satisfaction — and  volume 
sales  for  you. 

To  all  the  outstanding  features  in  G-E  speakers  add  the 
one  element  that  assures  those  features — for  your  benefit 
.  .  for  customer  confidence  .  .  .  Tests. 

Write  today  for  all  the  information  you  require  on  G-E 
quality  speakers — or  enclose  your  order.  General  Electric 
Company,  Electronics  Park,  Syracuse,  New  York. 


GENERAL 


ELECTRIC 

tCA  G6 
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NEW  R-F  Oscillator 


for  general 
laboratory  use 
and  as  a  signal 
source  for 
R-F  bridges 


Writ,  todoy  for  Bulletin  408  NOTE  THESE  FEATURES 

containing  complete  infor¬ 
mation  and  specifications  on  *  100  kc  tO  10  Mc 

the  Type  410-A  R-F  Oscil-  i 

•  High  output— approximately  30  volts 

•  50-60  output  impedance 

i  — ~  •  Internal  modulation 

\  *  Output  voltmeter 

Excellent  stability 

•  Accurate,  individually  -  calibrated  fre- 

quency 

•  Expanded  frequency  scale. 

qrjq  TECHNOLOGY  INSTRUMENT  CORPORATION 

\  f?  1058  MAIN  STREET,  WALTHAM  54,  MASS. 

*  I  I,  ^  Midwest  Office:  Alfred  Crossley  &  Associates,  549  W.  Randolph  St.,  Chicago  6,  III. 
L-JL-JL— J  STAte  7444 

ALTEC  LAjYSING  NOW  “PACKAGES  ” 
ALL  COMPONENTS  FOR  A  COMPLETE 
HIGH  FIDELITY  RADIO-PHONOGRAPH 
SYSTEM  TO  BUILD  INTO  YOUR  HOME 


One  of  many  alternative  placements  of 
elements.  In  actual  installation,  speaker  ' 
will  be  concealed  by  decorative  fabric. _ 

The  Altec  Lansing  Custom-in-Built  Music 
System  consists  of  the  famous  Altec  Lan¬ 
sing  Duplex  speaker,  a  special  Altec 
Lansing  amplifier,  a  newly  designed  TRF 
Altec  Lansing  AM-FM  tuner,  and  the 
Webster  70  record  changer  with  GE  vari¬ 
able  reluctance  pick-up.  Integrated  with 
the  structure  of  your  room,  this  system 
transcends  completely  the  inherent  acous¬ 
tical  and  electronic  limitations  of  conven¬ 
tional  radio-phonographs,  eliminates 
radio  “furniture,”  and  reproduces  the 


161  Sixth  Avenue, 
New  York  13.  N.  Y. 
1161  N.  Vine  Street, 
Hollywood  38.  Calif. 


full  range  of  sound  (35  to  16,000 
cycles).  It  achieves  the  highest  faith¬ 
fulness  to  living  sound  now  known  to 
science.  Built-in  Altec  Lansing  Day¬ 
light  Television  can  also  be  included. 
Complete  installation  instructions 
come  with  each  system. 

A  brochure  vnll  be  sent  on  request. 

ALTEC 

LANSING 
custom-in-huilt 
home  music  system 


Where  SPACl  and 
PEMORMANCE  are  Vilal 

demom  oeeers 


SMALUSr  PAPtR 
capacitor  ■ 

yef  m% 

wiOisruRtPROOf 


Proof  of  the  pudding 
is  in  the  eating. 

TINYMITES 

are  the  largest  selling 
miniature  paper  capaci 
tors  in  the  world. 

•  Good  for  100°C 


•  Leads  CANNOT  pull 
out 

•  CAP.  from  .0001  to  2 
MFD  from  100  volts 
to  1000  volts. 


S«mf  for  I  , 
Usf  ' 

and 

pritas.  V 


DUMONT 

ELECTRIC  CORR 

MFR  S  OF 

CAPACITORS  FOR  fVIRY  REQUIRIMENT 

308  DYCKMAN  ST.,  NEW  YORK  N  Y 
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NEW  PRODUCTS  (coiiNiiiMd) 

of  the  1B3  by  observation  of  fila¬ 
ment  temperature,  reduction  in 
peak  inverse  voltage  rating,  over¬ 
load  protection  for  horizontal  de¬ 
flection  circuits,  and  single-section 
fllament  operation  of  3S4  and  3V4. 


MOKDEDX. 

t  resist'oIrs 


INSURE  ACCURACY  AND  RELIABILITY 

IN  Z^^^/t/Tinsulation  testers 


Marine  Radiophones.  Rex  Bassett, 
Inc.,  Fort  Lauderdale,  Fla.  A 
folder  lists  the  various  two-way 
marine  radiotelephones  for  tug 
boats,  fishing  vessels,  tankers  and 
yachts. 


Tubes.  Radio  Corp.  of  America, 
Harrison,  N.  J.  Specification 
sheets  on  the  type  812-A  power 
triode,  t3T)e  672-A  thyratron,  and 
the  type  4X500A  power  tetrode  are 
now  in  printed  form. 


Photo  and  Illustration 
courtesy  of 

Canadian  Line  Materials, 
Toronto  Canada 


High-Power  Solenoid.  B/W  Con¬ 
troller  Corp.,  Birmingham,  Mich. 
Bulletin  SOL-2  devotes  four  pages 
to  an  illustrated  description  of  the 
Hi  Power  small  space,  a-c  solenoid. 
Specifications,  charts  and  dimen¬ 
sional  drawings  are  included. 


Cast  Parts.  Austenal  Laborator¬ 
ies,  Inc.,  224  E.  39th  St.,  New  York 
16,  N.  Y.  A  16-page  booklet  en¬ 
titled  “New  Horizons  with  Micro- 
castings”  contains  a  number  of 
interesting  examples  of  parts  pro¬ 
duced  by  the  Microcast  process 
for  use  in  the  electronics  field. 


The  "Hipot"  Test  Stick  is  used  to  test 
Bushings  and  Insulators  on  high  volt¬ 
age  transmission  lines  from  11  to  230 
KV.  It  consists  of  telescoping  bake- 
lite  stick  sections  each  containing  a 
series  of  S.S. White  Resistors  to  step 
the  voltages  down  to  minute  values 
for  measurement. 


Synthetic  Elastics.  E.  I.  duPont 
de  Nemours  and  Co.,  Inc.,  Fair- 
field,  Conn.  Properties  and  uses 
of  Fairprene,  a  synthetic  elastic 
composition  are  described  in  a  12- 
page  manual.  Each  of  the  three 
groups  of  Fairprene  products  is 
illustrated. 


The  manufacturer,  Canadian  Line 
Materials,  Ltd.,  Toronto,  Canada  soys 
— "We  hove  always  found  S.S. White 
Resistors  of  highest  quality.  They 
hove  characteristics  which  insure  con¬ 
sistently  accurate  and  dependable 
readings  on  the  indicating  instru¬ 
ments." 

WRITE  FOR  bulletin  4505 

It  gives  essential  data  about  S.S.White  Resistors 
including  construction,  characteristics,  dimen¬ 
sions,  etc.  Copy  with  price  list  on  request. 


(AboT«)  Sch«matic  wiring  diagram 
oi  th*  "Hipot"  tost  stick.  Each  tole- 
scoping  stick  section  contains  a  num¬ 
ber  of  S.S.White  Resistors  hooked  up 
in  series.  This  permits  the  resistances 
to  be  Toried  from  72  to  312  megohms. 


Air-spaced  Cables.  Transradio 
Ltd.,  138A  Cromwell  Road,  London 
SWT,  England.  Publication  27 
lists  new  types  of  Co-Ax  air- 
spaced  articulated  r-f  cables.  They 
can  be  used  for  flexible  high- 
power  transmission  lines,  very 
low-capacitance  cables,  and  photo¬ 
cell  leads. 


Transformers.  Electro  Engineer¬ 
ing  Works,  6021  College  Ave.,  Oak¬ 
land  11,  Calif.  Using  modern 
techniques,  this  company  makes 
all  types  of  radio,  industrial, 
audio,  and  other  transformers  as 


SIWH/TE 
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HEA1WG  UNITS 


HEATING  B£MmTS| 

RESISTANCE-^,  % 
>^  IINE  CORD^-  " 

V'  r 

THERMOCOUPLE  ^WIRE; 

^  ASBESTOS  LEAD 
•  &' FIXTURE  WIRE:, 

'f  .jnsulatedT/\^ 

.  resistance  WIREr 

'J.  ^ 

,  FIBERGIAS 


in  quant it ie 


.swcwo*®*® 


HEAT  RESISTANT  WIRES  FOR  EVERY  APPLICATION  . 


RUGGED 


Do  your  new  circuit  designs  call  for  heat 
resistance  wire  that's  tough  and  rugged — 
wire  that  can  take  it  day  after  day  through 
countless  hours  of  operation?  Then  check 
Lewis  Asbestos  Covered  Wire  before  you 
specify.  Regardless  of  what  your  wire  prob¬ 
lem  is — dropping  excessive  voltages — fila¬ 
ment  dropping  resistor  in  the  line — high  cur¬ 
rent  conductors,  it  doesn't  matter,  just  .  .  . 


Let  Lewis  Build  The  Wire  For  You 

Send  your  electronic  control,  communications  or  appliance  wir¬ 
ing  specifications  for  a  recommended  solution  by  our  engineers. 
FOR  A  TRIAL  ORDER  OR  A  CARLOAD  consult 


THE  LEWIS  ENGINEERING  CO. 


?/J/  /-  . 

NAUGATUCK 


J  )  /  Jl  rt  i  /  (>  J  I  ' 

CONNECTICUT 


pay  you  to  call  upon 


the  Design 


^  Engineers  of 


United-Carr  and  its 


subsidiaries.  They 


have  helped  many 


manufacturers 


★  CUT  COSTS  / 

★  SPEED  PRODUCTION 

★  TURN  OUT  FINER 
FINISHED  PRODUCTS 


UNITED -CARK 
FASTENER  Coiv- 


FAKIRS  Or$.~-  i  O 


suitable  to  Volume 
Production. . . it  may 


Ric\s\o« 


JLL  you  need 
Radio  Parts. . . 
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HARDWICK,  HINDLE 

Tubular 

Rheostats 


NEW  PRODUCTS  (continued) 

well  as  magnets  and  saturable 
reactors,  according  to  a  catalog 
sheet  just  issued. 


Industrial  Glass.  Kopp  Glass,  Inc. 
Swissvale,  Pa.  A  new  24-page  bul¬ 
letin  just  printed  in  color  de 
scribes  glass  products  for  Indus 
try,  including  some  for  the  elec 
tronics  field. 


Vibration  Control.  Vibrashock  Di¬ 
vision  of  Robinson  Aviation,  Inc., 
Malcolm  Ave.,  Teterboro,  N.  J.,  an¬ 
nounces  a  new  catalog,  particularly 
for  product  design  engineers,  show¬ 
ing  complete  suspensions  for  the 
mounting  of  equipment  in  standard 
and  special  sizes.  The  many  factors 
entering  into  vibration  control  are 
treated. 


Insulation  Testing.  Associated 
Research,  Inc.,  231  S.  Green  St., 
Chicago  7,  Ill.  Bulletin  302  explains 
the  applications  and  use  of  the 
model  404  Hypot,  an  -  instrument 
which  independently  tests  break¬ 
down,  leakage,  and  shorting  of  in¬ 
sulation  with  the  use  of  lights  to 
discriminate  between  them.  Range 
is  from  0  to  4,000  volts. 


Plastics.  General  Electric  Co., 
Chemical  Dept.,  Pittsfield,  Mass. 
Bulletin  CDP-578  is  a  15-page  illu¬ 
strated  description  of  molded  and 
laminated  plastics.  Also  discussed 
are  sealing  caps  and  sleeves,  myca- 
lex,  silicone  rubber,  and  h-f  insula- 
tioni  Property  tables  are  included 
for  reference. 


These  fine  sliding  contact  rheostats  are  widely  used  in  labora¬ 
tories.  They  serve  as  rheostats  or  potentiometers;  — portable, 
easily  mounted,  with  fine  gradations  of  adjustment. 

These  sturdy,  improved  tubular  rheostats  are  used  for  accurate 
adjustment  of  voltage  or  current  in  meter-checking  laboratories; 
—as  field  rheostats  for  generator  and  motor  control;— as  filament 
and  plate  control  in  radio  and  audio  transmitting  and  amplifying 
apparatus;— for  control  of  illumination  and  beat  control  in  electric 
furnaces  and  ovens;  as  well  as  in  general  laboratory  use. 

Available  in  3  sizes:  200,  400  and  750  watts  with  any  one  of  3 
types  of  control. 

Hardwick,  Hindle  resistors  and  rheostats  offer  many  exclusive 
advantages.  We  ask  you  to  give  our  engineers  an  opportunity  to 
discuss  your  specific  requirements. 


Permanent  Magnets.  General 
Electric  Co.,  Chemical  Dept.,  Pitts¬ 
field,  Mass.  CDM-12  is  an  eight- 
page  illustrated  bulletin  describing 
cast  and  sintered  Alnico,  Cunife, 
Cunico,  Vectolite,  Silmanal  and 
various  permanent  magnet  holding 
assemblies.  Special  alloys  are  also 
discussed. 


Interlock  Switch.  Micro  Switch, 
Freeport,  Ill.  Data  sheet  no.  45  de¬ 
scribes  the  lACl  and  1AC2  inter¬ 
lock  door  switches  designed  for  use 
on  h-f  radio,  radar,  x-ray  and  tele¬ 
vision  equipment  cabinets,  induc¬ 
tion  heating  equipment,  and  elec¬ 
tronic  controls  of  all  types. 


HARDWICK,  HINDLE,  ing 

Rheostats  and  Resistors 


Siibsidiary  of 

THE  NATIONAL  LOCK  WASHER  COMPANY 

NEWARK  5,  N.  J.  Established  1886  U.  S.  A. 


Electromatic  Tester.  Tinius  Olsen 
Testing  Machine  Co.,  1022  Easton 
Rd.,  Willow  Grove,  Pa.  Bulletin  37 
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PRECISION 

GENERATORS 


50  PATERSON  AVE. 
East  Rutherford,  New  Jersey 
Rutherford  2-9720 


_Heniietico//y5,^ 


Hermetkally  leaJed  ADVANCE  relays  maiotaio 
their  origifud  efideocy  under  conditions  that  soon 
ruin  <»  dangerously  impair  other  types  of  relays. 
Dust,  moisture,  oil,  or  fungus  cannot  reach  precisely 
adjusted  parts. 

There  can  be  no  failure  due  to  arcing,  or  condensa¬ 
tion  in  the  low  atmospheric  pressure  of  high  alti¬ 
tudes.  Important,  too,  is  the  faa  that  these  relays  are 
Tamper-Proof’! 

ANY  AdTance  relay  can  be  furnished  in  hermetically 
sealed  containers  on  special  order. 

■ullt  te  Army  and  Navy  spacHIccrtlans  upaa  rarest. 
Mfrfta  today  far  farther  datoMs  aad  catalog  of 

camplata  Naa, 


BAR  &  DOT  GENERATOR 

Efficient  push-button  unit  for  swift, 
precise  odjustment  of  horixontol  A 
vertical  sweep  lineority  of  television 
receivers.  Used  in  conjunction  with 
Standard  Synchronizing  Signal  and 
Monoscope  Generator  or  other  pat¬ 
tern  or  picture  signal  generator. 
Requires  only  5%”  of  standard 
rock  space.  Five  convenient  push¬ 
buttons  allow  instantaneous  selec¬ 
tion  of:  *  Standard  blonking  • 

Vertical  bare  only  e  Horizontal  bors 
only  •  Vertical  &  horizontal  bars  * 
Complete  dot  pattern.  Has  phasing 
control  for  adjustment  of  vertical 
bar  position.  Power  supply  is  self 
contained. 


ADVANCE  ELECTRIC  &  RELAY  CO. 

13hO  Weet  Sad  Street,  Lac  Angelas  26,  Calif. 


TYPE  1900 

CRYSTAL  CONTROLLED 

MULTI-FREQUENCY 

GENERATOR 


A  10  frequency,  400  cps  modulated 
crystal  controlled  oscillator,  ideal 
for  production  line  adjustment  of 
stagger  tuned  I.F.  amplifiers  in  tele¬ 
vision  sets.  Available  with  crystals 
ranging  from  17  to  40  me.  provided 
to  exact  frequency  and  in  secpience 
specified  by  custamer.  Each  fre¬ 
quency  is  immediately  selectable 
by  means  of  a  push  button.  Output 
adjustable.  Power  supply  is  self 
contained. 


NOIS 


Write  for  bulletins  2000  t  1900 
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(continued) 


is  a  four-page  folder  devoted  to  the 
Electromatic  low-capacity  universal 
testing  machine.  The  unit  gives 
wide  spread  ranges  of  250  to  1,  ex¬ 
tension  ranges  of  200  to  1  and' 
straining  ranges  of  400  to  1.  Com¬ 
plete  specifications  are  listed. 

Waterproof  Connectors.  Cannon 
Electric  Development  Co.,  3209 
Humboldt  St.,  Los  Angeles  31,  Calif. 
A  new  6-page  bulletin  W-248  gives 
dimensional  data  on  the  three  sizes 
of  type  W  waterproof  connectors, 
together  with  photos  of  underwater 
geophysical  applications.  These 
plugs  and  receptacles  are  built  to 
withstand  pressures  up  to  250 
pounds  or  approximately  550  ft 
underwater  for  all  types  of  circuits 
in  radio,  sound,  or  power. 

Electrical  Connectors.  Mines 
Equipment  Co.,  Dept.  12,  4215  Clay¬ 
ton  Ave.,  St.  Louis  10,  Mo.  Bulletin 
MC108  illustrates  and  describes  in 
detail  a  line  of  molded  neopreme 
rubber  electrical  connectors  and  as¬ 
sociated  equipment.  Products  are 
identified  by  short  three-letter 
symbols.  Tabular  index  is  included. 

Cylindrical  Capacitors.  Cornell- 
Dubilier  Electric  Corp.,  South 
Plainfield,  N.  J.  Descriptive  bul- 
letih  NB-105  treats  of  the  compact 
cylindrical-type  capacitors,  RC-111 
and  RC-112.  Ratings  are  0.005  [if 
at  6,000  volts  d-c  and  0.05  [if  at 
6,000  volts  d-c,  respectively.  They 
are  designed  for  safe  operation 
from  —55  to  +100  C,  are  hermetic¬ 
ally  sealed,  and  Dykanol  impreg¬ 
nated  and  filled. 

Technician’s  Catalog.  Walter  L. 
Schott  Co.,  9306  Santa  Monica 
Blvd.,  Beverly  Hills,  Calif.  The  1948 
catalog  lists  and  describes  a  com¬ 
plete  line  of  hardware,  chemicals, 
tools,  finishing  materials,  and  serv¬ 
ice  items  for  the  electronic  tech¬ 
nician.  Prices  are  included. 

Insulation  Tester.  Herman  H. 
Sticht  Co.,  Inc.,  27  Park  Place,  New 
York,  N.  Y.  Illustrations,  general 
description,  outstanding  features 
and  specifications  of  the  Minor 
Megohmer  insulation  tester  are 
found  in  bulletin  450.  The  portable 
instrument  weighs  three  pounds.  It 
has  a  d-c  generator  with  a  500-volt 
d-c  output,  and  measures  up  to  50 
megohms. 


PRECISION  TUBE  CO. 

Factory:  3824-26-28  TERRACE  STREET,  PHILADELPHIA  28,  PA 
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JUNE  1948-1949  ELECTRONICS  DIRECTORY  ISSUE 


Additions  and  Corrections 


The  following  listingt  are  to  be  used  in  coniunction  with  the  June  1948-1949  ELECTRONICS 
BUYERS'  GUIDE  for  information  on  manufacturers'  names,  addresses  and  products 
omitted  or  incorrectly  listed  in  that  issue.  , 


AMPLIFIERS^>\udio  Frequency 

Allied  Radio  Corp.,  833  W.  Jackson  Blvd., 
Chicago  7,  Ill. 

Planet  Radio  Mfg.  Corp.,  6508  Euclid 
Ave.,  Cleveland  3,  Ohio 


COILS — Magnet 

Fugle-Mlller  Laboratories,  398  Main  St. 
Metuchen,  N.  J. 


COILS — Multiple  Wound 

Fugle-Mlller  Laboratories,  398  Main  St. 
Metuchen,  N.  J. 


AMPLIFIERS — Audio  Input  Systems 

Allied  Radio  Corn.,  833  W.  Jackson  Blvd. 
Chicago  7,  Ill. 


COILS— Picfcup 

Fugle-Mlller  Laboratories,  398  Main  St. 
Metuchen,  N.  J. 


AMPLIFIERS — Decade 

Kelthly  Instrument  Co.,  1608  Crawford 

Road.  Cvaland  «.  Ohio  COILS— Pow.,  i  a-l  Coil,  i  Wlodiog. 

Fugle-Mlller  Laboratories,  398  Main  St. 
Metuchen,  N.  J. 


AMPLIFIERS^Facsimife 

Acme  Telectronix,  Div.  of  NEA  Service 
Inc.,  West  Third  and  Lakeside,  Cleve¬ 
land  13,  Ohio 


COILS— r-/  A  i-f  Receiving  A  Trans¬ 
mitting 

Fugle-Mlller  Laboratories,  398  Main  St. 
Metuchen,  X.  J. 


AMPLIFIERS— PeoJIt  Limiting 

Acme  Telectronix,  Div.  -of  XEA  Service 
Inc.,  West  Third  and  Lakeside,  Cleve¬ 
land  13,  Ohio 


COILS — Relay  A  Solenoid 

Fugle-Mlller  Laboratories,  398  Main  St. 
Metuchen,  N.  J. 


AMPLIFIERS— P/iotoce// 

Acme  Telectronix,  Div.  of  XEA  Service 
Inc.,  West  Third  and  Lakeside,  Cleve¬ 
land  13,  Ohio 


COILS^Tefevision  Focusing 

Fugle-Mlller  Laboratories,  398  Main  St. 
Metuchen,  X.  J. 


AM  PLI F I ERS— Wideband 

Tel-Instrument  Company,  Inc.,  50  Pater¬ 
son  Ave.,  East  Rutherford,  X.  J. 

A  N  TE  N  N  AS — T  elevision 

Intra-Video  Corp.  of  America  851  Madi¬ 
son  Ave.,  Xew  York  21,  X.  Y. 


COILS — Transformer  Coils  A  Windings 

Fugle-Mlller  Laboratories,  398  Main  St. 
Metuchen,  X.  J. 


COMMUNICATION  SYSTEMS  —  Fac¬ 
simile 

Acme  Telectronix,  Div.  of  XEA  Service 
Inc.,  West  Third  and  Lakeside,  Cleve¬ 
land  13,  Ohio 


The  No.  69040  Series 
of 

PERMEABILITY  TUNED 
CERAMIC  FORMS 


ATTENUATORS 

Shallcrpss  Mfg.  Co.,  10  Jackson  Ave., 
Collingdale,  Pa. 

CAPACITORS— Of/  Impregnated 

Crown  Capacitor  Con?.,  Minot  &  Depot 
Sts.,  Wrentham,  Mass. 

CAPACITORS— Paper  Tubular 

Crown  Capacitor  Corp.,  Minot  &  Depot 
Sts.,  Wrentham,  Mass. 


CONNECTORS — Cable  Connectors  i 
Couplings 

Electro-Connector  Corp.,  110  W.  Oxford 
St.,  Phila.  22,  Pa. 


In  CKkIllion  to  Iha  popular  shiolitod  plug-in 
pormoobillly  lunod  form*,  74000  tarioi.  Hi* 
69040  (orto*  of  coromic  permooblllly  tonod 
unthloidod  forms  oro  ovollablo  os  standard 
stock  Homs.  Winding  diomotors  and  longlhs 
of  winding  spoco  oro  '’A2  *  %  x  and 

'A  X  I'/W  fw  Hm  69041,  69043  and  69045 
rospocHvoly.  Nos.  69043  and  69046  havo 
powdorod  iron  slugs  whilo  Nos.  69041  and 
69045  havo  coppor  slugs. 


CONTROLS — Alarm  System 

Photobell  Company,  116  Xassau  St.,  Xew 
York  7,  X.  Y. 


CONTROLS — Counter 

I’hotobell  Company,  116  Xassau  St.,  Xew 
York  7,  X.  Y. 


CAPACITORS — Wax  Impregnated 

Crown  Capacitor  Corp.,  Minot  &  Depot 
Sts.,  Wrentham,  Mass. 


JAMES  MILLEN 
MFG.  CO.,  INC. 


CONTROLS — Fluid  Conductivity 

General  Controls  Co.,  Glendale,  Califor¬ 
nia 


CHOKES — Filter 

Empire  Coll  Co.,  Inc.,  238  Huguenot  St. 
Xew  Rochelle,  X.  Y. 


CONTROLS — Inspection  | 

I’hotobell  Company,  116  Xassau  St.,  Xew  ii 
York  7,  X.  Y. 


COIL  ASSEMBLIES 

Fugle-Mlller  Laboratories,  398  Main  St. 
Metuchen,  X.  J. 


MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


CONTROLS — Photoelectric 

Photobell  Company,  116  Xassau  St. 
York  7,  X.  Y. 


COILS — Antenna 

Fugle-Mlller  Laboratories,  398  Main  SL, 
Metuchen,  N.  J. 


CONTROLS— S/cew 

Acme  Telectronix,  Div.  of  XEA  Service 
Inc.,  West  Third  and  Lakeside,  Cleve¬ 
land  13,  Ohio 

(Continued  on  page  247) 


COILS — Choke 

Empire.  Coil  Co.,  Inc.,  238  Huguenot  St. 

Xew  Rochelle,  X.  Y. 

Fugle-Mlller  Laboratories,  398  Main  St. 
Metuchen,  X.  J. 
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ADDITIONS  AND  CORRECTIONS  .(continued) 

RECEIVERS — a-mlf’im  Communication 

National  Electronics  Laboratories,  Inc., 
200  King  St,  Alexandria,  Va. 


Joint  Army-Navy  R93  Specification 


RECEIVERS — f-m 

National  Electronics  Laboratories,  Inc. 
200  King  St,  Alexandria,  Va. 


RECEIVERS — Fncod  Pnquoncy 

National  Electronics  Laboratories,  Inc. 
200  King  St,  Alexandria,  Va. 


RECEIVERS— Police  A  Pin 

National  Electronics  Laboratories,  Inc., 
200  King  St,  Alexandria,  Va. 


RECEIVERS — Tolovhion 

Shevers  Inc.,  Harold,  33  W.  46tb  St, 
New  York  10,  N.  Y. 

Tele  King  Coro.,  001  W.  26th  St,  New 
York  1,  if.  Y. 

Tellcor  Corp..  851  Madison  Ave.,  New 
York  21,  N.  Y. 


RECEIVERS— Uhl 

National  Electronics  Laboratories,  Inc. 
200  King  St,  Alexandria,  Va. 


RECEIVERS— vhl 

National  Electronics  Laboratories,  Inc. 
200  King  S:.,  Alexandria,  Va. 


RECEIVERS,  HOME— a-m/|.fn  Combina 
Hons 

Shevers  Inc.,  Harold,  33  W.  46th  St. 
New  Yoin  19,  N.  Y. 


RECORDERS — Pactimilo 

Acme  Telectronlx,  Div.  of  NEA  Service 
Inc.,  West  Third  and  Lakeside,  Cleve¬ 
land  18,  Ohio 


RECORDERS — Film 

Acme  Telectronlx,  Div.  of  NEA  Service 
Inc.,  West  Third  and  Lakeside,  Cleve- 
.  land  13,  Ohio 


JAN  R93  ^nd 
SHALLCROSS 
Akra-Ohm 

Accurate  Fixed  Wire  Wound 
RESISTOR  TYPES 


KECTIFIERS — Or,  DItc 

Electronic  Controls  Co.  of  New  York, 
3124  Avenue  I,  Brooklyn  10,  N.  Y. 


RESISTORS — Temperature  Sensitive 

Carbohindum  Co.,  Globar  Div.,  Niagara 
Falls,  N.  Y. 


Write  today  for  Shallcross  Resistor  Engineering 
Bulletin  R  giving  full  details  on  Akra-Ohin  Re¬ 
sistors  for  every  need  and  including  mounting  and 
terminal  designs;  dimensions;  power  dissipation; 
resistance  alloys;  moistuie  and  fungus-proofing  and 
hermetic  sealing  data;  temperature  coefficient  of 
resistance  and  maximum  resistance  charts. 


RESISTORS — Voltage  Sensitive 

Carborundum  Co..  Globar  Div.,  Niagara 
Falls.  N.  Y. 


SCANNERS— Reflected  A  Transmitted 
Light 

Acme  Telectronlx,  Div.  of  NEA  Service 
Inc.,  West  Third  and  Lakeside,  Cleve¬ 
land  18,  Ohio 


SOCKETS — Tube 

Electro-Connector  Corp.,  110  W.  Oxford 
St.,  Phlla,  22  Pa. 


SOUND  SYSTEMS— Complete 

Allied  Radio  Coro.,  838  W.  Jackson  Blvd., 
Chicago  7,  III.  « 

Planet  Radio  Mfg.  Corp.,”  6508  Euclid 
Ave.,  Cleveland  3,  Ohio 


SHALLCROSS  MFG.  CO 

•  TKeiHufactwieM 


STAN  D  ARDS— FretiMncy 

Acme  Telectronlx,  Div.  of  NEA  Service 
lac..  West  Third  and  Lakeside,  Cleve- 
laad  13,  Ohio 


DEPT.  E-108,  COLLINGDALE,  PA. 


STANDARDS — Laboratory  Time 

Acme  Telectronlx,  Div.  of  NBA  Service 
lac..  West  Third  and  Lakeside,  Cleve¬ 
land  13.  Ohio 


JAN  Sfyla 
Numbm 

RB 

JAN  PowM 
Rotlngt 

Wont 

Shallcrett 

Typ«  Numbart 

—  >^=1 
Shallcratt 

Pewaf  Rotingt 

Watts 

RBIO 

055 

173 

0.25 

176* 

0.25 

RBII 

1/5 

183 

03 

183  A 

0.5 

186» 

0.5 

RB12 

03  • 

193» 

1.0 

RBI3 

03 

496 

I.O 

1196*« 

1.0 

RB14 

1.0 

116 

2.0 

1.0 

mo** 

2.0 

RB20 

0.75 

100 

1.0 

RB21 

Suggest  JAN  20  or  JAN  22 

RB22 

13 

110 

2.0 

RB40 

0.4 

120 

0.25 

RB4I 

0.5 

140 

0.5 

RB42 

0.6 

160 

1.0 

RB5I 

055 

181-A 

0.5 

NOTE:  *  Indicalat  Maximum  JAN  Dimantieiit. 

e*  Indicoltt  Harmalically  SaaUd  RatUler. 
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POWDERED  METAL  CORES 

0  f 


emcc^ 


EXCLUSIVE  SPECIALTY 


Since  1933  PYROFERRIC  has  been  the 
standard  source  for  IRON  CORES  man¬ 
ufactured  to  desired  permeability,  fre¬ 
quency,  ''Q'',  resistance  and  physical 
strength  ...  to  fit  any  circuit. 

PYROFERRIC,  with  its  background  of  re¬ 
search  and  experience,  will  gladly  consult 
with  you  on  your  IRON  CORE  requirements. 

Pyroferric  Co. 

621  EAST  216  ST.,  NEW  YORK  67,  N.  Y. 


TO  CHARGE 
MAGNETS! 

ECONOMICALLY! 

EFFICIENTLY!  , 
QUICKLY! 

SAFELY! 


MORE  AND  MORE 
COMPANIES  ARE 
ADOPTING  THE 
RFL  MODEL  107 
CHARGER 

This  portable,  packaged  unit 
will  charge  all  kinds  and  shapes 
of  magnets. '  Unique  '^flux- 
guide"  fixtures  developed  by 
our  engineers  take  full  advan¬ 
tage  of  the  charging  current 
and  accommodate  multipole 
and  oddly  shaped  magnets. 
The  charger  weighs  75  pounds, 
can  be  moved  about,  and 
saves  much  valuable  space. 
Plugging  into  any  1 10  volt  AC 
outlet,  it  is  completely  safe  and 
simple  to  operate  for  produc¬ 
tion  charging  by  unskilled  per¬ 
sonnel. 

The  descriptive  folder,  E-10, 
gives  complete  information  on 
the  charger,  shows  typical  fix¬ 
tures  and  lists  some  of  the 
nfKiny  manufacturers,  airlines, 
repair  services  and  laboratories 
who  use  the  Model  107.  Write 
for  this  folder  today  and  feel 
free  to  outline  your  magnet 
charging  problems  without  ob¬ 
ligation. 

RADIO  FREQUENCY 

®  LABORATORIES,  INC 

Boonton,  Now  Jersey 


Oceanside.  Long  Island.  N.  Y 


additions  and  corrections  (contliiMd) 

SWITCHES— Mercury 

Oeneral  BHectiic  Co..  Tube  Div.,  Bchenec- 
tMdr  i,  N.  Y. 


SYNCHRONIZERS — E/ectronk 

A&ne  Telectronlx,  Dlv.  of  NEA  Service 
Inc.,  West  Third  and  Lakeside,  Cleve¬ 
land  IS,  Ohio 


PICKERING 


TELEVISION  SYSTEMS — Indutirial 

Telloor  Corn.,  851  Madison  Ave.,  New 
York  81,  N.  Y. 


TESTERS — Mkrowerve  Radar  Tatting 
tqalpmant 

Teohntcraft  Laboratories,  Inc.,  Box  1908, 
Waterbury,  Conn. 


NEW -LOW -PRICES 


TOOLS — Soldaring  Gant 

Weller  Mfg.  Co.,  806  Packer  St.,  Easton, 
Pa. 


TRANSFORMERS— Mkrewovu 

Teohnicraft  Laboratories,  Inc.,  Box  1908, 
Waterbury,  Conn. 


PICKERING  reproducers  have  always  been  built  to  the  highest 
standards  of  the  critical  listener  willing  to  pay  a  premium  for 
excellence  in  record  reproduction. 

The  growing  demand  for  Pickering  quality  and  the  resulting  in¬ 
crease  in  production  have  made  possible  substantial  price  reduc¬ 
tions. 

Revised  manufacturing  techniques  have  enabled  us  to  actually  im¬ 
prove  quality  and  lower  prices  at  the  same  time. 

We  take  great  pleasure  in  giving  our  customers  the  benefit  of  lower 
production  costs.  ^ 


TRANSMITTERS — f-m 

National  Electronics  Laboratories,  Inc. 
800  King  St.  Alexandria,  Va. 


TRANSM ITTERS — Pactimila 

Acme  Telectronlx,  DIv.  of  NEA  Service 
Inc.,  West  Third  and  Lakeside,  Cleve- 


TRANSM  ITTERS — Pixad  Praquancy 

National  EHectronics  Laboratories, 
800  King  St,  Alexandria,  Va. 


TRANSMITTERS— Fixed  Station  Com¬ 
munication 

National  Electronics  Laboratories,  Inc. 
•  800  King  St,  Alexandria,  Va. 


Model  S-120M 

with  .0027"  Sapphire  Stylus 

Former  List  Price--$25.00 
Now  $16.50 

Model  D-120M 

with  .0025"  Diamond  Stylus  . 
Former  List  Price— $60.00 
Now  $41.50 


TRANSMITTERS— Portable  and  Mobile 
Radio-Telephone 

National  Electronics  Laboratories,  Inc., 
800  King  St,  Alexandria,  Va. 


TRANSMITTERS — Pulsa  Tima  Modula¬ 
tion 

National  Electronics  Laboratories,  Inc., 
800  King  St,  Alexandria,  Va. 


TRANSMITTERS— Rodio  Ranga 

National  Electronics  Laboratories,  Inc., 
800  King  St,  Alexandria,  Va. 


to  the  line  of  Pickering  Cartridge  Repro- 
ducers  is  the  Model  D-140S  for  the  new  long 
playing,  MICROGROOVE  type  disc  recordings.  The 
D-140S  has  a  diamond  stylus  of  .(K)l"  radius,  tracks  with  a 
pressure  of  5  grams  and,  like  all  Pickering  Cartridges,  in¬ 
corporates  all  of  the  known  requirements  for  perfect  tracl^' 
ing,  minimum  record  and  stylus  wear,  and  distortion-free 

reproduction. 


TRANSMITTERS — uhf 

National  Electronics  Laboratories,  Inc. 
200  King  St,  Alexandria,  Va. 


1  on 
flx- 
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nes, 
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feel 
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■  ob- 


TRANSMITTERS — yM 

National  Electronics  Laboratories,  Inc., 
200  King  St,  Alexandria,  Va. 


TUBE  PARTS 
Batat 

General  Electric  Co.,  Tube  DIv.,  Schenec¬ 
tady  6,  N.  Y. 


Caps 

General  Electric  Co.,  Tube  Div.,  Schenec¬ 
tady  6,  N.  Y. 


Model  D-140S  with  .001"  Dia¬ 
mond  Stylus  $60.00  List 


Cathoda  Sleeves  &  Tubat 

General  Electric  Ca,  Tube  Div.,  Schenec- 
Udy  6,  N.  Y. 


moNics 
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ADDITIONS  AND  CORRECTIONS  (contiiiMd) 

Cathode  Ray  Tuba  Sida  Contacts 

General  Electric  Co.,  Tube  Dlv.,  Schenec> 
tady  5,  N.  Y. 


Grids  and  Supports 

General  Electric  Co.,  Tube  Dlv.,  Schenec¬ 
tady  6,  N.  Y. 


Hoot  Radiators 

General  Electric  Co.,  Tube  Dlv.,  Schenec¬ 
tady  6,  N.  Y. 


NICKEL 

CATHODES 


Matal  Supports 

General  Electric  Co.,  Tube  Dlv.,  Schenec¬ 
tady  B,  N.  Y. 


Mica  Supports 

General  Electric  Co;,  Tube  Dlv.,  Schenec¬ 
tady  5,  N.  Y. 


Here  are  the  "new  shapes”,  in  which 
Superior  Lockseam*  nickel  cathodes  are 
available.  Full  information  on  dimen* 
sions,  tolerances  and  materials  ^ill  be 
supplied  upon  request. 


Water  Jackets 

General  Electric  Co.,  Tube  Dlv.,  Schenec¬ 
tady  5,  N.  Y. 


l-TI 

RECTANGULAR,  NO  BEAD 


Wite  Parts 

General  Electric  Co.,  Tube  Dlv.,  Schenec¬ 
tady  B,  N.  Y. 


TUBES— Phototubes  and  Photocells 

American  Scientific  Co.,  P.  O.  Box  1,  High 
Bridge  Station,  New  York  52,  N.  Y. 


THE  NEW 
NATIONAL  HFS 

$125 

(power  supply  extra) 


I.T2  ^  ^ 

RECTANGULAR,  ONE  BEAD— Major  and  Minor 


WASHERS— Metof 

Sheffoo  Mfg.  Co.,  116  W.  Ruby  Ave. 
Palisades  Park,  N.  J. 


WAVEGUIDES— Pfexib/e 

Technlcraft  lAboratoriee,  Inc.,  Box  1908, 
Waterbury,  Conn. 

Titefiez,  Inc.,  410  Frellnghuysen  Ave., 
Newark  B,  N.  J. 


I.T3 

RECTANGULAR  TWO  BEADS— Major  and  Minor 


Complete  Coverage 
27  inct-2^  mcsl 

/GDveri^  mobHe' Com¬ 
munication  services,'  as 
weH  as  fixed  services.  Re¬ 
ceives  CW,.  AM  OR  FM! 
Superheterodyne  'with 
superregenerative  2nd 
detector. 


WAVEGUIDES— Rigid 

Technicraft  Laboratories,  Inc.,  Box  1908, 
Waterbury,  Conn. 


I.T4  1  -1  I— sr 

RECTANGULAR,  ONE  BEAD— Major  Only 


WIRE — Fine  Wire  Specialties 

Sheffoo  Mfg.  Co.,  116  W.  Ruby  Ave. 
Palisades  Park,  N.  J. 


I.T5 

RECTANGULAR,  TWO  BEADS-^Mojor  Only 


l-TB 

RECTANGULAR,  ONE  BEAD— Minor  Only 


Acme  Telectronix.  Dlv.  of  NEA  Service 
Inc.,  West  Third  and  Lakeside,  Cleve- 
la^  IS,  Ohio 

Allied  Radio  Cora.,  883  W.  Jackson  Blvd., 
Chicago  7,  IlL 

American  Scientific  Co.,  P.O.  Box  1, 
High  Bridge  Station,  New  York  B2, 
N.  Y. 

De  Jur-Amsoo  Corp.,  Northern  Blvd.  at 
46th  St.,  Long  Island  City  1,  N.  Y. 

Electro-Connector  Corp.,  110  W.  Oxford 
St,  Phlla.  22.  Pa. 

Eaectronio  Controls  Co.  of  New  York, 
3124  Avenue  I,  Brooklyn  10,  N.  Y. 

Electronic  Instrument  Co.,  Inc.,  377  Blake 
Avo«  Brooklyn,  N,  Y. 

Flltron  Co.,  The.  38-26  Bell  Blvd.,  Bay- 
sida  Long  Island,  N.  Y. 

Fugle-M:iller  Laboratories,  398  Main  St, 
Metuchen,  N.  J. 

General  Electric  Co..  Tube  Dlv.,  Schene- 
tady  6,  N.  Y. 

Hansen  Mfg.  Co.,  Inc.,  Princeton,  Indiana 

Intra-Video  Cora,  of  America,  851  Madi¬ 
son  Ava,  New  York  21,  N.  Y. 

Kurman  Eleotrio  Co.,  Inc.,  35-18  37th 
St,  Long  Island  City  1,  N.  Y. 

Microtone  Company,  The,  4602  Nicollet 
Ave.,  Minneapolis  9,  Minn. 

Photobeli  Company,  116  Nassau  St,  New 
York  7,  N.  Y. 


Mobile,  Portable 

or  Fixed  I 

Operates  from  standard 
110  volt,  60  cycle  Na¬ 
tional  5886  power  sup¬ 
ply,  National  686S  6- 
volt  vibrator-type  power 
supply  or  batteries!  Built- 
in  speaker.  Light. 


1-T7  "  ' 

RECTANGULAR,  TWO  BEADS— Minor  Only. 

For  other  electronic  and  non-electronic 
tubing  applications,  use  Superior  Seam¬ 
less  and  WELDRAWNf — and  save! 


See  your  nearest 
Notional  dealer  listed 
in  the  classified  section 
of  your  ’phone  book. 


SUPERIOR  TUBE  CO. 

BLCCTRONICS  DIVISION 

2500  Germantown  Avenue 
Norristown,  Pa. 

^Superior  Tube  For  Superior  tubing  on  the  West  CoatC 
Co.  Patents  call  PACIFIC  TUBE  COMPANY.  5710 
tReg.  U.  S.  Smithwoy  Street,  Los  Angeles  22,  Calif. 
Trade  Marh,  ANgeles  2*2151. 
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STANDARD  PRESSED  STEEL  CO. 


FEATURES 

•  BuUt-ln  S'  osdUoMope  with  lynchronlzed  twecpt  for 
rlewlnc  Tlmlnc  and  Video  Output  pulae  ware  forms. 

•  Sjnchtonlzed  marker  system  for  checkliig  pulse  width 
and  rise  time. 

•  Extreme  stability.  Insured  by  derlrins  all  pulses  from 
leading  edge  of  master  oscillator  pulse. 

•  Means  for  cheoUng  synchronising  pulses  in  odd  and 
eren  fields. 

SPECIFICATIONS 

MS  line,  interlooad,  60  fields,  30  frames,  BMA  Synchron¬ 
ising  pulses  held  to  tolerance  specified  In  the  MBTPB 
report  of  1945.  Output  Pulses:  Synchronizing.  Video 
Blanking.  Camera  Blanknlg.  Horizontal  Driving.  Vertical 
Driving  Pulses.  5  volts  across  100  ohm  termination. 
Dual  output  lacks.  IIS  volU  50/60  ops.  Complete  with 
tubes. 

TELEVISION 
MONOSCOPE 
SIGNAL 
SOURCE 
Model  PT  102 

•  Composite  Video  Siinal 

•  Wide  Band  Video  Ampll* 
fler,  6  DB  down  at  lOMC 

•  Dual  outputs  for  foedlnp 
two  75  or  100  linos 

•  Black  positive  or  Black 
nepatlvo  output 

•  Rosolution  greater  than 
600  lines 

INPUT:  Vertical  and  Hori¬ 
zontal  Driving 
pulses.  Camera 
and  Kinescope 
Blanking  Pulses. 
OUTPUT:  Composite  Video 
Signal.  3  volts. 
100  ohm  line  115 
volts  50/60  cps. 
Complete  with 
tubes  and  Includ¬ 
ing  high  and  low 
voltage  power 
units. 

• 

9  FERRY  STREET 
NEW  YORK  7,  N.  Y. 


Teluvision  enginMrs  and  consultants  to 
tho  nation's  groat  tolovision  stations. 


JENKINTOWN,  PENNA.  BOX  596 

CHICAGO  •  DETROIT  •  INDIANAPOLIS  •  ST.  LOUIS  •  SAN  FRANCISCO 


TYPE  BX- 
IWAH 


For  liistrmiieiitation 
and  other  enticed 
^  appfieatioiis  ^ 


NON- 

INDUCTIVE 


IN-RES-CO  wire  wound  resistors 
are  engineered  for  the  manufac¬ 
turer  maintaining  a  reputation  of 
top  quality  and  performance  in  his 
equipment.  Tbey  cover  a  full  range 
from  1  watt  to  10  watts  and  ,01 
ohm  to  1.5  megohm.  Conservative 
ratings  assure  maximum  long  life: 
trouble  free  service.  Write  for  cata¬ 
log  today  on  company  letterhead. 


MAX. 


RES: 


1.5  Megohm  (331  Alloy) 
1.0  Megohm  (Nichrome) 
30,000  Ohms  (Mongonin) 
1'  Ig.  by  9/16'  diom. 


BODY  SIZE: 
TOLERANCE: 


STANDARD  1% 

(TO  1/10%  at  Slight  Ex 
tro  Colt) 


TYPE  CX- 

%  wAna 


NON- 

INDUCTIVE 


MAX.  RES:  750,000  ohm  (331  Alloy) 
500,000  ohm  (Nichrome) 
15,000  ohm  (Mongonin) 

BODY  SIZE:  5/8'  Ig.  by  9/>6'  diom. 
TOLERANCE:  STAtlOARD  1% 

(TO  1/10%  at  Slight  Ex¬ 
tra  Cost) 


INSTRUMENT  RESISTORS  (».,  1056  (NIMMERCE  AVE.,  UNION,  N 


EUCTtONICS  — Octolm,  tm 


The  Knurling  of  this  "Unbrako"  Socket  Set  Screw,  as  shown,  "swages  the 
threads",  so  that  it  becomes  o  most.extellent  "Self-Locker"  ...  for  use  with 
the  5  standard  points  that  do  not  lend  themselves  to  knutlin^  Thfi  "Unbrako" 

Socket  Set  Screw  positively  will  not  shakn  /eosM,  regardless  of  the  most  chatter¬ 
ing  vibration.  Sizes  available  from  ^4  to  IVi"  diometer,  and  in  a  full  range 
of  lengths.  Ask  for  your  copy  of  the  "Unbrako"  Catalog  .  .'  it  is  useful  and 

informative. 

Our  patented  "Unbrako"  Sslf-Locking  Knurtsd 
Sockot  Set  Screws  and  Stripper  Bolts  lock  in 
most  any  industrial  scrow  applicatiou.  Tboy 
won't  thokn  loos*.  Millions  and  milliout  in 
use. 

IKawrlina  ef  Socket 
Screws  urlglnalid  wINi 
7*Uahvafca**  la  1994/ 


Write  M  ter  the  name  and  addrtu  ef  your 
neerett  “Unbrnka"  Indnitrial  Distributer 
end  your  eegy  ef  the  “Unbrnka”  Cntales. 


fOLAKAD^ 

mEnsioH 

Equipmenf  I 


for  siudio  •  laboratory  •  manufacturer 


SYNCHRONIZING  GENERATOR 

Model  PT  101 — ^Television 


Res-  U.S.  P«t 


I 


IF  IT’S  ELECTRONIC. .  .  _ 

B&W  CAN  MAKE  IT  FOR  YOU! 


TROUBLE-FR 


CUSTOM-BUILT 

TRANSFORMERS 


AND  ELECTRICAL  COILS 


Over  25  years'  experi- 
ence  in  the  manuiachxre 
specials  at  cost  that 
compares  favorably 
Jr  standard  types. 

F»m  lOVA  t,  JOO  P™’®** 

KVA  Dry-Type  Only,  by  years  of  actual  use. 
'  Both  Open  and  Encased, 

1,  2,  &  3  Phase  15  to 

400  Cycles.  PROMPT  DELIVERIES! 

NOTHELFER 

WINDING  UBORATORIES 

9  ALBERMARLE  AVE.,  TRENTON  3,  N.  J. 


From  small  electronic  components  up  to  care* 
fully  engineered  test  equipment  and  com* 
plex  electronic  devices,  Barker  &  Williamson 
can  engineer  and  manufacture  high  quality 
products  to  your  specifications. 

Three  B&W  plants,  comprising  150,000 
square  feet,  completely  equipped  with  a 
competent  engineering  staff,  machine  shop, 
tool  room  (including  all  machines  for -drill* 
ing,  milling,  turning,  stamping  and  forming 
metals  and  plastics),  and  a  complete  wood¬ 
working,  shop  are  at  your  disposal.  Your 
inquiries  are  welcome.  Write  Department 
EL-108  for  prompt  reply. 


COMPLETE  RADIO  TRANS¬ 
MITTERS  •  DUAL  DIVERSITY 
CONVERTERS,  CONTROL  I 
UNITS  and  FREQUENCY  i 
SHIFT  EXCITERS  FOR  RADIO  > 
TELETYPE  TRANSMISSION  •  \ 

,  SPECIAL  TEST  EQUIPMENT  \ 

I  •  REDESIGN,  MODERNI-  \ 

W  ZATION  AND  MODIFICA*'  \ 
TION  OF  EXISTING  EQUIP-  \ 
MENT  •  MACHINE  WORK  \ 
\--a  METAL  STAMPING  \ 
V;  •  COILS  •  CONDENSERS  ' 
W  -  a  OTHER  ELECTRONIC 
DEVICES  IN  A  WIDE  RANGE 
OF  TYPES 


ADDITIONS  AND  CORRECTIONS  (contiaMd) 


Tele  K\ng  Corp.,  601  W.  26th  St.,  New 
*  York  1,  N.  y. 

Telicor  Corp.,  851  Madison  Ave.,  New 
.  York  21,  N.  Y. 

Tel-lnstrument  Co.,  Inc.,  60  Paterson  Ave., 
Bast  Rutherford,  N.  J. 

Weller  Mfff.  Ca,  806  Packer  St.,  Easton 
Pa, 


TRADENAMES 

ADDITIONS  and  CORRECTIONS 


AMERTRAN 

American  Transformer  Co. 


DURATIP 

Weller  Mfgr.  Co. 


EMPIRE 

Empire  Coil  Company,  Inc. 


FLEXITIP 

Weller  Mfg.  Co. 


INDUSTRIAL  TELECEIVERS 

Industrial  Television,  Inc. 


KNIGHT 

Allied  Radio  Corp. 


MULTIVIDEO 

Industrial  Television,  Ina 


SOLDERLITE 

Weller  Mfg.  Co. 


SPEED  IRON 

Weller  Mfg.  Co. 


SYNCHRON 

Hansen  Mfg.  Co.,  Inc. 


TECH  LAB 

Tech  Laboratories,  Inc. 


TELEPHOTO 


Acme  Telectroniz,  Div.  of  NBA  Servloe 
Inc. 


Due  to  cm  error,  the  listings  of  the  Generol 
Controls  Co.  of  Glendale.  California  incor¬ 
rectly  referred  to  an  advertisement  on  page 
ill  which  was  an  advertisement  of  the 
General  Control  Company,  1204  Soldiers 
Field  Road,  Boston  34.  Mass.  There  is  no 
connection  between  the  two  companies. 


Due  to  an  error,  the  listings  of  the  Northern 
Radio  Co..  314  Bell  St..  Seattle  1.  Wash,  in¬ 
correctly  referred  to  an  advertisement  on 
pages  190  and  191  which  was  on  adver¬ 
tisement  of  Northefn  Radio  Co„  Inc..  143- 
145  W.  22nd  St..  New  York  11.  N.  Y.  There 
is  no  connection  between  the  two  com¬ 
panies. 


Electronic  Controls  Co.  of  New  York  adver¬ 
tisement  incorrectly  listed  as  Page  224  in¬ 
stead  of  Page  244. 


Manufacturers  of  glass  bonded  mica  were 
incorrectly  listed,  they  should  have  only  in¬ 
cluded  the  following: 


Electronics  Mechonics.  Inc., 
70  ClUton  Blvd., 

ClUton.  N.  I. 


General  Electric  Co.. 
Chemical  Dept.. 
Pittseld,  Mass. 


Mycalex  Corp.  of  America. 
60  Clifton  BlvcL. 

ClUton.  N.  I. 
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T  OtO  LfC  O  M  P  A  N  Y 

1539  DAnOH  SL  CHICAGO  22,  III. 


BAWSON  HETEBS 


RAWSON  ELECTRICAL 
INSTRUMENT  COMPANY 

111  Potter  St.  Combridgo,  Mon. 

Roprosontativot 

Ckicogo  Los  Angeles  New  York  City 


GETS  WIDE  APPROVAL 


S»Bd  lor  yonr  copy 
ol  onr  now  cotoiogr. 


Accuracy 
of  1% 


MULTIMCTERS  ond  REGULAR  METERS 

AC  and  DC  typ^  high  accuracy,  multi¬ 
ple  ranges,  2  microamperes  to  1  ampere 
DC.  2  milliamperes  to  3  amperes  AC. 

ELECTROSTATIC  VOLTMETERS 
Ranges  ISO-v.  to  3S.OOO-V.  AC  or  DC. 
Resistance  exceeds  million  megohms.  Can 
measure  static  elearidty. 

FLUXMETERS 

Laboratory  and  produaion  measurements 
on  magnets  and  magnetic  circuits.  Single 
push  button  retum-to-xero. 

WATTMETERS 

High  sensitivities,  low  power  faaors.  New 
types  soon  to  be  announced. 

Special  apparaiut  built  to  order 


LAMINATIONS  .  .  HOUSINGS  .  .  CONTACTS  .  .  LUGS 


MISCELLANEOUS  METAL  STAMPING  PARTS  .  .  .  . 


Here  is  the  quality  that  comes  from  years  of 
experience  and  modem  facilities.  We  work 
very  closely  with  our  customers,  designing  to 
their  specifications.  Our  mechanical  engineer¬ 
ing  department  is  able  to  tool  up  for  special 
ports.  Put  your  needs  up  to  us  for  entirely 
saisiactory  results. 


PROMPT  DELIVERY! 


Stainless  steel 
NIACHINE  SCREWS 

and  Rivets 


AUmgtal  carrips  th*  largpst  stock 
in  tho  counter  oi  stoinloss  stool  foston- 
ois  and  scrow  machino  parts.  Our 
comploto  iacilitios  for  hooding,  tap¬ 
ping,  drilling,  roenning,  slotting,  turn¬ 
ing,  stamping,  broacl^g  cmd  contor- 
loss  grinding  mako  possiblo  prompt 
doUrory  oi  spocials,  toO.  Writs  for  our 
Iroo  83-pogo  catalog  today. 

We  cdse  earry: 


In  Sochof  Scrowa  Cottar  PIm 

oabora  Wood  Scrowa  Npo  Httloga 

Seed  for  FREE  CATALOG 


Allmetal  Screw  Products  CV.,  Inc. 
33  Greene  Street,  New, York  13,  N.  Y. 


/\/aut  ifou  oodt  Ucuue. 

^DYNAMIC  NOISE  SUPPRESSION 


with  Your  Present  Radio-phonograph  or  Amplifier 


These  3  simple  steps  add 
realism  to  your  music 
reproduction. 

1.  Plug  in  the  “Little  Won~ 
der"  *Dynamic  Noise 
Suppressor  between  your 
pick-up  and  amplifier. 

2.  Plug  in  the  socket 
adapter  to  the  power- 
tube  socket. 

3.  Insert  the  matched  low- 
needle-talk  pick-up  in 
your  pick-up  arm. 

That’s  all  that  is  necessary  to 
reduce  background  noise  with 
negligible  loss  of  depth  and 
brilliance  .  .  .  giving  you  a 
gratifying  sense  of  “presence” 
in  your  music  reproduction. 
LOW  PRICE . $82.50  list 

Includes  tubes,  matched  pick-up.  remote 
control,  cables,  Bttingg.  adapters,  instructions. 


The  remote  control,  for  setting  the 
exact  degree  of  suppression  you  find 
most  pleasing,  can  be  mounted  wher¬ 
ever  you  wish  ...  at  the  instrument 
or  even  in  another  part  of  the  room. 
The  3-tube  suppressor  unit  can  be 
placed  anywhere  in  the  cabinet. 

The  "Little  Wonder"  realizes  the 
full  capabilities  of  your  present 
equipment;  can  be  used,  with  suitable 
pick-up,  on  the  new,  long-playing 
records,  too  For  full  specifications, 
write  Dept  EL  Or,  even  better,  hear* 
a  demonstration  at  your  distributor’s. 


*Licensed  under  U.S.  and  foreign  patents  pending  and  issued. 


Hosmcr  S  COTT.inc. 


’•PACMCAe£D  £MCIM££PtMG’’ 


385  PUTNAM  AVE.  o  CAMBRIDGE  39,  MASS. 
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i  and* point-to-point  communications 
for  the  rapidly  expanding  civil  avi¬ 
ation  services  and  for  administra¬ 
tive,  public  and  meteorological  traf¬ 
fic.  The  new  system  will  operate 
throughout  Kenya,  Uganda  and 
Tanganyika. 

Two  of  the  latest  types  of  Mar¬ 
coni  transmitters  have  been  chosen 
for  the  service:  type  TGS.  641 — a 
200-watt  transmitter  with  a  fre¬ 
quency  range  of  1.5  to  23  me;  and 
type  TGS.  601 — a  100-watt  set  cov¬ 
ering  the  1.6  to  13-mc  range.  Spe¬ 
cial  features  include  crystal  control 
with  provision  for  rapid  selection 
of  any  one  of  six  working  frequen¬ 
cies. 


j  Australia’s  Rural 
I  Radiophone 

I  First  installations  are  now  being 
made  in  the  Broken  Hill  district  in 
New  South  Wales,  of  a  radiophone 
set  which  will  link  Australian 
ranchers  to  the  telephone  network. 
The  equipment  was  developed  by  the 
research  laboratories  of  Electronics 
Industries  Ltd.,  Melbourne,  in  co- 
I  operation  with  the  Commonwealth 
I  Postmaster  General’s  Department. 

The  subscriber  merely  lifts  a 
standard  telephone  handset  from 
the  instrument  and  depresses  a  key 
to  connect  him  with  the  operator. 
Calls  are  accepted  for  any  point  in 
Australia  and  most  overseas  coun¬ 
tries. 

The  base  station  transmitter  is 
amplitude-modulated  and  has  an 
output  of  200  watts.  It  covers  sub¬ 
scribers  within  a  range  of  200  miles. 
Subscriber  sets  are  operated  from 
I  a  12-volt  storage  battery  and  trans- 
i  mission  is  also  by  a-m. 


Automatic  Control  Course 

Instrumentation  for  the  process 
industries  will  be  the  subject  mat¬ 
ter  of  a  thifd  short  course  to  be 
conducted  by  Texas  A  &  M  College 
in  cooperation  with  several  indus¬ 
trial  concerns  at  College  Station, 
Texas,  October  26-28.  Manufactur¬ 
ers  of  instruments  and  automatic 
controls  are  participating  by  show¬ 
ing  educational  exhibits. 

The  program  will  be  of  special 
value  to  instrument,  process  design 
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on  DC  to  AC 

COHVERTERS 


AVAILABLE  IN  22  TYPES 
AND  3  FRAME  SIZES  BY 


ofo 


iWu 


\oa 


OT 


DC  to  AC  Rotary  Converters  having  Auto¬ 
matic  Frequency  Control  are  now  being 
offered  in  all  models.  Input  voltages  from 
6  to  230  V  DC;  output:  110  to  1000  VA  at 
60  cycles,  9d  to  800  VA  at  50  cycles. 

SPECIALLY  DESIGNED  for  Television 
Sets,  AC  Radios,  Radio-Phonographs  and 
Recorders.  For  use  where  the  power  source 
is  direct  current:  such  as  ships,  vehicles, 
trains,  office  buildings,  and  urban  DC  areas. 


cO'*' 


Decimeter  Decals  provide  the 
newest,  most  convenient  and  economical 
method  for  marking  electronic  equipment. 

They  are  easy  to  apply — no  holes  to  drill — and  they  adhere 
to  any  surface,  including  wrinkle  and  crackle  finishes.  Decals  often 
^fit  spaces  too  small  for  other  types  of  marking.  Decimeter  Decals  are  in¬ 
expensive — a  wide  assortment  can  be  stocked  for  low  cost. 

Decimeter  Decals  are  printed  in  neat,  opaque  letters  in  a  tough, 
clear  protective  coating  of  outstanding  durability.  They  have  a  high 
degree  of  resistance  to  wear  and  abrasion.  Over  275  different  decals 
are  available,  including  television  titles,  dial  plates,  radio  titles,  call 
letters  and  high-voltage  signs  for  safety.  Decimeter  Decals  are  of 
the  self-adhering  "slip-off”  type,  and  require  no  cement. 

Speedy  application  plus  the  low  cost  of  individual  Decimeter 
Decals  mean  substantial  savings  in  marking  any  type  of  electronic 
equipment.  Write  for  folder  4B  which  lists  complete  line  avail¬ 
able  and  net  prices.  We  will  also  enclose  handy  order  form 
for  your  convenience  in  selecting  your 
own  assortment. 


GOTHARD  Manufacturing  Co. 

2114  Cleor  "Lake  Ave.  Springfield,  Illinois 

.  Export  Division:  25  Warren  St.,  New  York  7,  N.  Y. 


1 


Name 


McGRAW-HILL  BOOK  CO.. 

330  W.  42nd  Street.  NYC  18 

Send  me  Moreno’s  MICROWAVE  ’ntAXSMISSlON 
DESIGN  DATA  for  10  days’  examination  (m  api>rovaL 
In  10  days  I  will  send  $4.00.  plus  a  few  cents  p«rta*e. 
or  return  the  book  postpaid.  ll’oitaRe  paid  iin  rash 
orders. ) 


ULTRA  SENSITIVE  D.  C.  AMPLIFIER 


The  Model  53  Breaker-tvpe  D.C.  Ampli¬ 
fier  was  developed  for  the  measurement 
of  d.  c.  and  low  frequency  a.  c.  voltage  in 
the  microvolt  and  fractional  microvolt 
region.  It  is  compact,  portable,  and  makes 
an  excellent  replacement  for  the  suspen¬ 
sion  galvanometer.  The  output  oi  the 
amplifier  is  sufficient  to  operate  standard 
meters  and  recording  devices  directly. 

It  has  been  employ^  for  the  amplifica¬ 
tion  of  infra-red  detectiM^,  thermocouples, 
voltaic  photocells,  and  the  like,  botn  in 
research  and  industrial  applications. 


Among  the  advantages  of  this  amplifier 
are  the  following: 

1.  Noise  level  that  approaches  the  the¬ 
oretical  limit  imposed  i>y  Johnson  noise. 

2.  Extremely  low  zero  drift  (less  than 
.005  n  V  after  warmup). 

3.  Freedom  from  the  effects  of  vibration 
such  as  found  in  moving  vehicles. 

4.  Response  characteristics  permitting 
overall  amplification  flat  from  0  to  10  cycles 
per  second. 

5..  Reliability,  as  demonstrated  by  units 
which  have  been  in  continuous  operation 
for  several  years. 


Afldres-s 


An  Electronic 
Replacement 
For  Sensitive 
Galvanometer 
System's 


By  THEODORE  MORENO,  Project  Engineer,  Sperry  Gyroscope  Company; 
Research  Associate,  Massachusetts  Institute  of  Technology.  250  pages,  202  illus¬ 
trations,  $4.00 

This  book  bimss  you  Tltal  InfoimMloo  to  sld  you  In  the  engineerlns  design  of  all  kinds  of  microwave  eaulnmmt. 

It  discusses  briefly  transmission  line  theory — from  the  high  frequency  point  of  view — then  brings  you  the  practical 
working  data  you  need  on  the  lob.  Over  two  hundred  diagrams— sratfis — charts — tables,  etc.,  illustrate  the  text 
matter,  making  It  clear  and  easy-to-follow.  The  material  is  concise — well-organized — useable  ...  the  kind  of 
Information  an  engineer  must  have  to  design  a  transmission  system  employing  waveguides. 

ktfld  tho  chapter  headings.  SEE  IT  10  DAYS  FREE  •  MAIL  COUPON 


1.  General  Consldera- 
Uons  for  Ulc-owave 
TransmLsslon  Upee 
1.  Attenuation,  imped¬ 
ance  Matching,  and 
Reflections  on  Trans¬ 
mission  Lines 


T.  General  Formulas  for 
Wave  Guides 
■>.  Attenuation  In  Wave 
Guides 

9.  Obstacles.  Discontin- 
tlltles.  and  Junctions 


8.  Impedance  Relations  Miscellaneous  Wave- 
^TransmlsBlon  Structures 

4.  General  Formulas  for  11-  Wave  Guides  Filled 


Coaxial  Lines 

5.  Flexible  Cables 

6.  Coaxial  Line  Struc¬ 
tures  and  Trans¬ 
formers 


with  Dielectric  Ma¬ 
terial 

IS.  Dielectric  Materials 
13.  Cavity  Resonators 
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City  and  State 
Company  _ 


■  Position 


A  wealth  of  data  to  help  you 
plan— design— construct 
MICROWAVE  EQUIPMENT 

TTERE’S  a  goldmine  of  data  that  saves  you  time  and  effort 
— puts  at  your  fingertips  the  specific  material  you  want 
when  you're  planning,  designing  and  constructing  microwave 
equipment.  'This  bo^  is  packed  from  cover  to  cover  with 
authoritative  reference  data  on  coaxial  lines  and  flexible 
cables — practical  structures  and  components  of  wave  guides 
— dielectric  materials  and  their  properties — cavity  resonators, 
etc.  ...  all  considered  from  the  ultra-high-frequency  point 
of  view. 

Just  published! 


/  Design 


MICROWAVE  TRANSMISSION 
DESIGN  DATA 


littelhse  Makes  Headline  News 
with  In-Line”  Fuse  Retainer 


Linclf use’s  latest  development:  the  "in¬ 
line”  fuse  retainer  for  fingertip  ease  in 
fusing.  Precisely  molded  of  high  im¬ 
pact  bakelite  and  designed  primarily 
for  low  voltage  applications:  car  radios, 
heaters,  spot  lights  and  other  automotive 
trouble  spots  where  a  fool-proof  easy- 
to-handle  fuse  installation  is  desired. 
The  strongly  spring-locked  retainer 
opens  with  a  "push-and-twist"  of  the 
finger  tips.  Inside,  the  fuse  rests 
against  knife-edged,  cup  contacts  that 
asaure  greatest  degree  of  contact  with 
lowest  voltage  drop.  Doubled  wall 
thickness  at  juncture  of  shoulder  and 
lower  body. 


AveilebU  for  oil 
standard  awtomo- 
tiva  fwsa  sitot. 
Rotainar  may  ba 
hod  with  or  witb- 
oot  wire  Isadi 
and  tarmlnals, 
whh  or  witbawt 


UTTItrUSI 


^MonfictcSSsC 


47M  M.  tAVINIWOOO  AVf.,€NlCAeO  «0.  U  t.  A. 
WTI-V4ITI  •  tVITCN-llTI  e  PIlTI  #  NCOM  INOICATOflt 

twtuntt  •  CIRCIIT  MCARERt  •  ritCS  •  MOlHTiltt  A«t  ACCtSSORIII 


QUALITY  COILS 
TO 

YOUR  SPECIFICATIONS 


T41£  KRKin-^Lm^R  CORPORflTIOn 


METUCHEN 


NEW  JERSEY 


398  Main  St 


Me  6-2245 


For  Complete  Information  Write  Dept.  50 


We  manufacture  quality  coils  for 
the  radio  and  electronics  industry. 
Universal,  bank-wound,  universal- 
progressive  or  solenoid  coils  made 
to  JAN  specifications.  Let  us 
know  your  requirements:  We  will 
quote  promptly. 

FUGLE-MILLER  LABORATORIES 


HARVEY 


RADIO  COMPANY  INC 


LABORATORIES,  INC. 

82  Meadow  Sf.  New  Haven  10,  Conn 
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and  operatiniT  engineers.  Lectures 
have  been  scheduled  to  cover  such 
subjects  as  measurement  and  con¬ 
trol  of  temperance,  pressure,  liquid 
level  and  time. 

Registration  fee  is  $5.00.  Further 
information  may  be  obtained  by 
writing  Professor  P.  G.  Murdoch, 
Chemical  Engineering  Department, 
Texas  A  &  M  College,  College  Sta¬ 
tion,  Texas. 


.  FM  TRANSLATOR 
General  Electric  Model  XFM-I 


INSTRUMENT  RECTIFIERS 

FOR  BETTER 
A.C.  SCALE 


PMto%rar  VM’tlam 
•#  Hk«  cM  OJ.  JJJlH-90 

which  was  asod  and  onloyad  hy 
tons  oF  fhoosonds  of  discrlmlncrttof  radio 
lisfonors. 

Covors  SS'TOS  me  rang#,  dial  12  inchot 
long,  utot  guillotino  tuning  for  highost 
•fflcioncy,  high  stability.  Designed  for  ex* 
port,  has  power  inputs  for  110  to  250 
voHs,  50/60  cy.  Used  in  coniunction  with 
good  oudio  section  or  separate  amplifier 
will  prqvide  best  FM  listening  you  ever 
heard.  In  aNroctive  notural  walnut  cabinet 
-10%*  high  X  15%*  wide  x  11%*deep. 
complete  with  8  tubes.  Tropic-proof  con¬ 
struction.  Quantity  limited,  no  more  avail- 
oMe.  Get  your  order  in  while  they  lasti 

Spociol  price  . $49.50 


Plan  Radio  Net  for  India 

To  RELIEVE  the  overburdened  tele¬ 
graph  system  in  India,  a  radio  com¬ 
munications  network  covering  the 
ten  leading  cities  is  due  to  be  set  up 
shortly.  Official  estimates  are  that 
initial  cost  will  be  about  $1,300,000 
and  annual  recurring  costs  about 
$210,000. 

Each  of  the  ten  cities  will  have 
a  10-kw  high-speed  short-wave 
transmitter  and  a  triple  diversity 
receiver.  Both  will  be  teleprinter- 
equipped. 


For  really  accurate  determinaHon  of  very 
low  A.C.  current — use  Bradley  "Coprox^ 
instrument  rectifiers.  Especially  designed 
for  use  where  stability  ond  permanence 
of  calibration  are  important.  Shown 
above:  CX-2E  Series.  Vacuum-processed, 
gold-coated,  full-wave  bridge.  Rated  4.S 
voits  A.C.  3  volts  D.C.  5  milliamperes 
D.C. 


Radio  License  Increase 

More  than  635,000  separate  radio 
authorizations,  covering  stations 
and  operators,  were  outstanding 
with  the  FCC  at  the  close  of  the 
fiscal  year.  This  represents  an  in¬ 
crease  of  nearly  90,000  over  the  pre¬ 
vious  year.  Breakdown  is  as  fol¬ 
lows: 


SIMPLIFY  PHOTO  ELECTRIC 
APPARATOS 


Just  orrivod  in  stock,  thu  now  GE  Fhono- 
graph  fra-Ampliflar  with  built-in  power 
supply  for  use  on  105-125  V.  AC  only. 
Dons  not  us«  AC-DC  type  powor  circuit, 
has  sulf-containad  power,  transformer  ond 
is  completely  isoloted  from  power  line.  For 
use  with  GE  Variable  Reluctance  Cartridge. 
Not . $9.57 

MICRO-GROOVE  CARTRIDGE 

Get  set  to  use 
those,  new 

records.  All 
you  is 

new 

the 

cartridge  fits  your 
present  arm.  With  this  accurately  -shaped 
diamond  stylus  you  can  ploy  the  new 
micro-groove  records  at  once.. ..$36.00 


STATIONS 
As  of.  As  of 
June  .to,  June  SO, 
19kl  1948 

1,795  2,094 

918  1,020 

66  109 

81  124 

38  46 

37  37 

583  571 

33  26 


Luxtron*  photo  cells  convert  light  into 
electrical  energy.  No  external  voltage 
is  required  to  operate  meters  and 
meter  relays  directly  from  Bradley 
photo  cells,  improving  control  over 
your  processes,  reducing  your  costs. 
Housed  model  shown.  Many  different 
sizes  and  shopes,  mounted  ond  un¬ 
mounted. 

*T  M  RtG.  U.  S.  PAT.  OFF 


Broadcast 

A-M  . 

F-M  . 

TV  . 

TV  (experimental) 

Educational  . 

International . 

Remote  Pickup. . . . 
Other  . 


Totals 


Nonbroadcast 

Aeronautical  . . . 

Marine  . 

Public  Safety _ 

Land 

Transportation 

Industrial . 

Miscellaneous  ... 
Amateur . 


Our  engineers  will  select  or  de¬ 
velop  rectifiers  or  photo  cells  to 
meet  your  needs  exactly.  Write 
for  BRADLEY  LINE  showing  basic 
models. 


LOngacre  3*1800 


Totals 


Telephone; 


OPERATORS 

Amateur  .  *80,000  77,923 

Commercial  .  *325,000  *347,000 

Aircraft  .  *25,000  79,924 

ToUls  .  430.000  604,847 

*  F.PtImated.  . 

The  station  figures  do  not  repre¬ 
sent  the  actual  number  of  transmit* 
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HAYDU  BROTHERS 


Plainfnid,  New  Jersey 


METER  SPECIFICATIONS  “ 

V«ltM«  Rms*:  I'M  Kllmulti  at  SO.iMW  ohnui  prr 
volt  Mra^urak  hlab  Tuliaar  rimiiu 

with  *vr%  lUlM  kMilliia. 

Palarit)  Rrysmas  Swttrh:  IVnnli»  nn^tiiritiB  of 
IHMitlvi-  III  11.  aaim  >»liaam>  'nm  (hhiikI  alth 
ma.itaiuM  8wllrb  may  br  ••|irratr<l  wits 

out  anina  ahila  tbr  tnltaa**  l»  htlna  aMiil*<l 
Off  piMlliun  1*  thiK  >wUcb  Iwto  ilir  >niit|titr 
mHrr  min-rtnatit  (iir  iraitHiiiinaibiii. 

Spiolal  Twaiinalt:  ITmlilnl  tm  iMrllliKatipr  «« 
omlon  <n  <thserTe  parrantaaa  ni  ritmir,  al«o 
Kavrfiirm  «in1  tmiumcy  iil  rtppl)*  ablla  i-lwaiaa 
Toltaa**.  Tba  <  rirtilt  ohmI  |irn>ilt>  raa<1ii>a> 

ow  an  MttMiialy  wHia  rr«iu>m<T  raiiar. 

A  Miuarv  4*  OM-irr  alib  an  •■a'tt  tu  rwl 

K^f.  thrra'I  Miar  at  t'aar:  7*  wbb*.  VT  kaia. 

5'  bub.  Ntrt  Pries . $67  M 

Inrlutl*  t^%  HrpiMlt  irtib  iinlrr,  Itaiam-r  I'lili 


:  ▲  iionoi  insrrufi 

i  w  9"^  a  Type  511 

evidenc 
^  value  of  this 

Zm  m  m  m^  Th»  above  cole; 

lei. 

^  ^  groups,  Industri 

%  rs*.  — *■  orgonizof/ons 

^  of  those  in  youi 

%  request. 

^  ^  TYPE  511  FEATURES 


The  fact  that  over  50%  of  the  pur- 
chasers  of  the  Tektronix  Type  511 
Oscilloscope  have  re-ordered  add!- 
fionoi  instruments  after  having  placed 
a  Type  51 1  in  service  provides  posi¬ 
tive  evidence  of  the  usefulness  and 
value  of  this  instrument. 


The  above  cotegory  of  Type  51 1  ufrs  inetud»t 
the  fof»most  Universities,  Nucleor  Physics 
groups.  Industrial  and  Governmentof  reseorch 
organizations  throughout  the  country.  A  list 
of  those  in  your  vicinity  will  bo  providod  upon 
roquosl. 


e  Continuously  voriobfe  sweep  speed, 

1/10  second  to  1  microsecond  (10  cm  ). 

•  Direct  roading  swoop  speed  indication. 

e  Swoop  mognifier  for  any  20%  of  normal 
swoop. 

e  Triggorod,  recurrent  or  singfe  swoops. 


•  Vortical  dolloction  sonsitivifyt  0.27V  to  200V 
per  cm.  Ipoak  to  poak). 

•  Vortical  amplifior  band  pass,  lOittC.  I  stogey 
0  me.  2  stoges. 

•  Fully  componsatod  lor  optimum  transient 
response. 

•  Soil  containod,  total  weight  65  lbs. 


Price  $795.00  f.o.b,  Portland 

Your  inquiry  will  bring  more  dotailod  information  and 
name  of  the  nearest  Fiold  Enginooring  Roprosontativo. 


Proof  of  Performancf  .. 


AN  ABSOLUTE 
MUST  FOR 
TELEVISlOH 
WORK 
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SMALL  FORMED  PARTS 


Wire,  Hot  strip  and  tubing,  formed  ports  fai 
nicksL  molybdenum,  tungsten,  kovor  and  tan¬ 
talum.  etc.,  to  your  specifications.  For  elec¬ 
tronic  tubes  and  allied  uses. 


Complete  precision  tool  and  machine  shop 
facilities  lor  accurate  production  of  small  di¬ 
mension  parts  in  all  metals.  Fast  deliveries. 


Wrho  tor  Quotottoiu 


TELEVISION 

HIGH  VOLTAGE  METER 
0  to  30  KV 


Ffcone,  Ms»  6197 
Cables,  TEfCTRONIX 


713  S.  f.  Hawthorsso  BtvsL 
Portksmd  14,  Oregea 


SPELLMAN  TELEVISION  CC 

130  WEST  34th  STREET  •  NEW  TORE 


INC 


RESEARCH  &  DEVELOPMENT  ENGINEERS 

PhD's.  Master,  Bachelors  in  Physics  or  E.  E. 

Long  establiahed  electro-mechanical  engineering  orgoniiotion  is  expand'ng  its  elee- 
tronic  department  to  include  research  and  development  on  missiles,  microwave  srstems, 
radar,  communications,  navigat  onal  devices,  antennas,  and  associated  equipment. 

A  lew  exceptional  positions  are  open  tor  lop-ftighl  senior  engineers.  Must  have 
extensive  experience  on  onalys's  oi  electron'cs  systems,  and  ability  to  create  new  basic 
approoches  to  involved  engineering  problems.  Commercial  and  university  background 
des  red.  Please  iumish  complete  resume,  salary  requirements  and  ovoJibility  to: 
Personnel  Manager 

Enginooring  Division 

W.  L  AAAXSON  CORPORATION 


460  West  34th  Street 


New  York  1.  New  York 


(^iM 

Air^~ 

MANUFACTURERS  OF 
MINIATURE  TUBE  RADIOS 
AND  EQUIPMENT 

Star  Miniature  Socket  Wiring 
Ptugs  for  accurate  alignment 
of  miniature  socket  eontocts 
during  wiring.  Precnion  cost 
of  line  boM  oRoy — pint  ef 
ttoinleu  tteeL  fJE-9  (9  pkOi 
^  #Ji.lO  (7  pin). 

^  A  i 

A  Sto,  Miniature  Tube 
Ptn  Stroightenert  (wHb 
ttabdeu  tieel  knert) 
to  obtain  a  porfect 
Rt  whan  the  tube 
ploced  in  the  equip- 
meet.  #JE-1S  (9  pinh 

6IE-I3  (7  pin).  ^ 


Scientifically  detignod  —  PreeWon  mod# 
bnmadiote  Dolivary  in  Any  Ouantifiat  I 

EXPANSION 
Rj  products  CO., INC 

147  CR>AR  STREET,  NEW  YORK  6.  N.  Y.  < 


?  wm  w 

^  T 


wi  •  / 


U.H.F.  STANDARD  SIGNAL 
GENERATOR  MODEL  84 

SPECIFICATIONS 

CARRIER  FREQUENCY:  300  to  1000  megacycles. 

OUTPUT  VOLTAGE:  0.1  to  100,000  microvolts. 

OUTPUT  IMPEDANCE:  50  ohms. 

MODULATION:  SINE  WAVE:  0—30%,  400, 1000  or  2500 
cycles.  PULSE :  Repetition — 60  to  100,000  cycies.  Width — 
1  to  50  microseconds.  Delay — 0  to  50  microseconds.  Sync, 
input — amplifier  and  control.  Sync,  output — either  polarity. 

DIMENSIONS:  Width  26",  Height  12".  Depth  10". 

WEIGHT:  125  pounds  including  external  line  voltage  regulator. 


Sketch  of  new  Cook  Reeearch  Lob 


approximately  double  the  floor 
space  available  for  design,  develop¬ 
ment,  instrumentation  and  testing. 


International  Television  Corp. 
recently  purchased  the  Minerva  Ra¬ 
dio  Corp.  plant  at  238  William 
Street,  New  York  City.  The  addi¬ 
tional  60,000  sq  ft  of  space  will  fa¬ 
cilitate  full-scale  production  of  a 
complete  line  of  television  receiv¬ 
ers. 


American  Standards  Association, 
Inc.,  is  the  new  name  of  the  ASA 
New  York  City.  The  incorporation 
recognizes  the  enlarged  activities 
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MEASUREMENTS  CORPORATION 


B  0  0  N  T  0  N 


NEW  JERSEY 


balanced  its 
pick  it  up,  when 
XACON  calls  it 
irt  iron  for  long, 
quality.  It 
r  you — improv* 
production, 
le  and  prac- 
pencil  iron.  No 
required.  Price 


IIW 
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(CMHuMd) 


ters,  since  a  single  authorization 
can 'cover  a  number  of  associated 
mobile  units.  Year-end  figures  for 
mobile  units  are  not  available. 

BUSINESS  NEWS 

BRoaNER  -  Mass  Instruments, 
Inc.,  New  York  City,  has  been  or¬ 
ganized  for  the  development  and 
manufacture  of  photoelectric  col¬ 
orimeters,  photometers  and  related 
equipment  in  the  electronic  instru¬ 
ment  and  clinical  fields. 

Mayflower  Electronic  Devices, 
iNa,  West  New  York,  N.  J.,  has 
formed  a  client  research  depart¬ 
ment  to  engage  in  research  on  di¬ 
electric  heat  and  electronic  sealing. 

Eltran  Corp.,  St.  Anne,  Illinois, 
has  purchased  the  business  of  Ra- 
dell  Corp.,  Indianapolis,  Indiana,  to 
complete  its  line  of  loudspeakers. 

Cutler-Hammer,  Inc.,  Milwaukee, 
Wisconsin,  manufacturers  of  elec¬ 
trical  apparatus,  has  acquired  the 
business  of  the  West  Electric  Prod¬ 
ucts  Co.,  Los  Angeles,  Calif. 

Cook  Research  Laboratories,  Chi¬ 
cago,  Ill.,  has  begun  construction 
of  a  one-story  addition  to  its  pres¬ 
ent  facilities.  The  new  building  will 


it 


EISLER 

ELECTRICAL  &  ELECTRONIC 

EQUIPMENT 

ELECTRONIC  TUBE  EQUIPMENT 

36  HEAD 
RADIO  TUBE 
EXHAUSTING 
MACHINE 

• 

W«  Moka 
CompUta 


Monufoctura 
Of  lacondas- 
cant  Lompt 
Radio  and  Elac 
Ironic  Tubas. 

TRANSFORMERS  OF  ALL  TYPES 

for 

LIGHTING 


POWER 

fURNAliES 

PHAii 

CHANGING 


SIZES  Vb  to  250  KVA 

SPOT  WELDERS 

OF  AU  TYPES 
FOR  ALL  PURPOSES 
SIZES  Va  to  250  KVA 
Butt  WolAra  -  Gun  WoMora 
Arc  Waldart 
Naon  Sign  Units 
Fluorascant  Tub# 
Manufacturing  Equlpmont 

CHAS.  EISLER 

EISLER  ENGINEERING  CO.,  INC. 

7SI  8a.  13th  8t.  INsar  Avan  Avo.),  Nawarii  3,  N.  J. 


SHIELDED  TYPE 

PLUGS  &  SOCKETS 


LOW  LOSS  PLUGS  AND 
SOCKETS  FOR  HIGH 
FREQUENCY  CONtCCnONS. 
SUPPUED  IN  1  AND  2 
CONTAa  TYPISt 

101  Series  can  be  fur* 
itished  with  Va*,  .290", 
5/16',  %'  or  Vi"  fer* 
rule  for  cable  entrance. 
Knurled  nut  securely 
fastens  unit  together. 
Plugs  have  ceramic  in¬ 
sulation  and  sockets  hove 
bakelite.  Quality  con¬ 
struction.  Fine  finish. 

(Assembly  meets  Navy 
specifications. 

For  full  details  and  en¬ 
gineering  data  ask  for 
Jones  Catalog  No,  16. 

JONES  MEANS 
Proven  QUAUTY 


HOWARD  B.  JONES  DIVISION 

C«n<h  Mfg  Corp 
2460  W  GEORGE  ST  CHICAGO  18.  Ill 


PRECi  SiON 


HASN'T  "SQUARED 
THE  CIRCLE" 

BUT  HAS 

'SQUARED  THE  BOW" 


producing  ^ ' 

DI-FORMp  PAPER  TUBES 

at  no  extra  cost! 

Precision  DI-FORMED  Paper  Tubes  havtf  made  a  most  important 
improvement  throughout  coil  industry.  Now  ALL  coil  manufacturers 
and  users  can  take  advantage  of  the  opportunity  to  obtain  Precision 
DI-FORMED  squore  and  rectangular  paper  tubes  for  coil  bases,  at 
no  extra  cost/ 

Results:  greater  strength— automatic  stacking— elimination  of  coll 
forming  after  winding — closer  engineering  of_  coils,  saving  wire. 
Precision  characteristics,  spiral  winding,  better  insulation,  space  and 
weight  saving  are  improved.  Tubes  also  made  round,  oval,  any 
shape. 

Write  for  samples— also  new  Mandrel  List.  Many  new  sizes. 


PLANT  NO.  2 


2041  W.  Charleston  St., 

79  CHAPEL  ST., 


Chicago  47,  III. 

HARTFORD,.  CONN. 


The  theory  and  application 
of  electronics^  industry 

INDUSTRIAL  BECTRONICS 


FIELD  VACUUM  THERMOCOUPLES 

G  TYPE  F,  contact  type,  and  TYPE  FI, 
with  insulated  heater,  available  in 
ranges  of  1.2  milliamperes  and  over. 

G  TYPE  M,  contact  type,  25  MV  output, 
constructed  in  ranges  of  100  milli¬ 
amperes  and  over. 

G  TYPE  U,  with  insulated  heater,  for 
measurements  at  ultra-high  frequen¬ 
cies,  made  in  ranges  of  3  milliamperes 
and  over.  Streamlined  to  make  con¬ 
venient  use  in  cooxial  cables  or  fittings 
possible. 

G  TYPE  R,  for  radiant  energy  measure¬ 
ments. 

Write  Department  YE  tor  latest 
informative  bulletins 

HELD  ELECTRICAL 
INSTRUMENT  COMPANY 

109X184  ST.  •NEW  YORK  S3.  N.Y. 

.i 
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mP 

S 

IfMlT  • 

ON  APPROVAL  COUPON 
JOHN  WILEY  A  SONS.  INC. 

440  ToarUi  Are..  New  York  16.  N.  T. 

Please  send  me,  on  10  d»7s’  anuroTsJ,  a  coujr  oT 
INDUSTRIAL  ELECTRONICS  REFERENCE 
BOOK.  If  I  decide  to  keep  the  book,  I  will  ranlt 
S7.50  plus  postage;  otherwise  I  will  return  the 
book  postpaid. 


Zone .  State. 


Empioyed  by  . 

(Otter  not  eatid  outtidr  V.  S.) 
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High  Sensitivity  . . .  Logarithmic 

AC  VOLTMETER 

50  MICROVOLTS  TO  500  VOLTS 

SELF-CONTAINED  MODEL  47  VOLTMETER 

ALL  AC. OPERATED  UNIT 

An  extremely  sensitive  am¬ 
plifier  type  instrument  thot 
serves  simultaneously  as  a 
voltmeter  and  high  gain 
amplifier. 

•  Accurocy  ±2%  from  IS 
cyciM  to  30  Icc. 

±5%  frgm  30  kc.  te 
100  kc. 

•  Input  Impedance  1  meg- 
ofcm  plus  IS  ttuf.  shunt 
copocity. 

•  Amplifier  Gain  40000 


Abo  MODEL  4S 
WIDE  BAND 
VOLTMETER 
.0005  te  SOO  VeltsI 
S  Cycles  1600  kc. 

A  few  of  the  many  uses: 

e  Output  indicator  for  microphones  ef  ell  •  Gein  ond  frequency 
types.  types  of  audio  equii 

•  Lew  level  phonograph  pickups.  O  Dcnsitometric  meas 

•  Accebration  and  other  vibration  measur-  raphy  and  film  pro< 

ing  pickups.  •  Light  flux  measurr 

•  Sound  level  meosurements.  with  photocells. 


(ceetinued) 


•  Gein  ond  frequency  meosuremenb  for  ell 
types  of  audio  equipment. 

•  Dcnsitometric  measurements  in  photog¬ 
raphy  and  film  production. 

•  Light  flux  measurements  in  coniunction 
With  photocells. 


Sprite  for  Complete  Information 


Instrument  Electronics 


41-17A  Douglaston  Parkway 
DOUGLASTON.  L  I.,  N.  Y. 


a 

iM 


S^f 


/'Q  $EMD  BIUEPMNTS 
IND  SfECIRMTIONS- 
NO  OBUGATION! 

Check  BAER  FIBRE  for  ac¬ 
curate  dimensioning, uniform 
surface,  mechanical  and  elec¬ 
trical  qualities,  and  low  cost 
per  piece.  See  how  efficient¬ 
ly  a  BAER  FIBRE  terminal 
board,  bushing,  gasket, 

1^  washer  or  other  shape  can 
B  simultaneously  solve  your 
W  electrical  or  mechanical  prob- 
lem...improve  your  product 
and  save  you  money!  BAER 
FIBRE  isprecisionfabricated 
to  your  specifications. 

UTERATURE  ON  REQUEST 

N.  S.  BAER 
COMPANY 

MONTGOMERY  ST.,  HILLSIDE,  N.  J. 


and  responsibilities  of  the  organi¬ 
sation. 

Pickard  &  Burns,  Inc.,  consulting 
engineers,  recently  moved  to  new 
quarters  at  240  Highland  Ave., 
Needham,  Mass. 

General  Instrument  Corp.,  radio 
and  television  components  manu¬ 
facturer,  is  now  controlled  by  a 
group  headed  by  C.  Russell  Feld¬ 
man,  founder  of  Transitone,  and 
Richard  E.  Laux,  formerly  vice- 
president  in  charge  of  operations  of 
Colonial  Radio  Corp.,  Buffalo,  N.Y. 

General  Electric  Co.,  Electronics 
Park,  now  has  a  new  division  called 
the  Industrial  and  Transmitting 
Tube  Division.  It  will  consolidate 
all  sales,  design  engineering  and 
manufacturing  activities  related  to 
the  former  Power  Electronics  Divi- 


Sperry  Products,  Inc.,  manufac¬ 
turers  of  ultrasonic  instruments 
and  hydraulic  remote  controls,  have 
moved  from  Hoboken,  N.  J.,  to  new 
quarters  in  Danbury,  Conn. 

General  Electric  X-ray  Corp., 
Milwaukee,  Wise.,  has  furnished  a 
two-million-volt  x-ray  machine  for 
The  Babcock  &  Wilcox  Company  to 
examine  welds  in  high-pressure, 
high-temperature  boiler  drums 
to  inches  thick.  The  machine’s 
exposure  time  for  a  5i-inch  plate 
is  6  minutes  when  using  a  him  dis¬ 
tance  of  6  feet  It  is  the  first  of  its 
size  to  be  used  exclusively  for  test¬ 
ing  welds  in  pressure  vessels.  The 
special  new  70  by  SO-ft  building  in 
which  it  is  housed  will  accommo¬ 
date  drums  up  to  13  ft  in  diameter 
and  70  ft  long. 

'  Wheelco  Instruments  Co.  re- 

I  cently  opened  a  new  office  at  138 

I  East  Becher  St.,  Milwaukee  7,  Wis¬ 


PERSONNEL 

Martin  Kiebert,  Jr.  re<*entlv  joined 
Raymond  Rosen  &  Co.,  Philadelphia, 
tu  take  charge  of  the  engiiietM'iiig, 
design  and  sale  of  ail  telemetering 
equipment 

Elton  W.  Jones,  formerly  a.ssistant 
professor  of  electrical  engineering 
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ILUHOIS  CONDENSERS  belong 
IN  THE  BEST  Electronic  Sets 


b  « 

v!  \ 

f 
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1 
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^ 

Tlw  Trade  Mark  of 
"Time  Tested  Quality" 


•  Look  to  Illinois  for  o  complete  line  of  electrolytic  capacitors  for 
every  electronic  application.  When  you  need  a  capacitor  that  has 
superior  ability  to  withstood  extreme  temperature  chonges;  that's  manu- 
foctured  to  exacting  specifications;  that's  time  tested  though  14  years 
of  high  quoiity  production  experience — you  want  an  Illinois  condenser! 


Write  for  our  latest  catalog. 


ILLINOIS  CONDENSER  CO. 

16V6  NORTH  THROOP  STREET  •  CHICAGO  22,  ILL. 


SMALL  PARTS 

Filaments,  anodes,  supports,  springs,  etc. 
ior  electronic  tubes.  Small  wire  and  Hat 
metal  formed  parts  to  your  prints  ior  your 
assemblies.  Double  pointed  pins.  Wire 
straightened  and  cut  diameter  up  to  Vh>inch. 
Any  length  up  to  12  ieet. 

LUXON  fishing  tackle  accessories. 
Inqtiiries  will  receive  prompt  attention. 

ART  WraE  AND 
STAMPING  GO. 

227  High  St.  Newark  2.  N.  I. 


•'Where 

Professional 

Radiomen 

Study** 


Capitol  Radio 
Engineering  Institute 

An  Accretli^ed  Technical  Institute 
16th  and  Park  Rd.,  N  W.  Dept.  E-10 
Washington  10.  D.C. 

Advance'^  Home  Study  rmd 
Residence  Courses  in  Practi¬ 
cal  Radio-Electronics  and 
Television. 

Approved  for  Vererrm  Training. 


DUAL  SPEED 
HYSTERESIS 

Synchronous 

Motors 


•  NO  NOISE 

•  NO  VIBRATION 

•  HUNT  end  "WOW"  ELIMINATED 

•  INDEPENDENT  of  LOAD  INERTIA 


■  Apgifications: 


Oise,  wire  and  film  recorders 
Sound  cameras  and  protectors 
Focsimilo  oguipment 
Tolovision  oguipment 
Timing  devices 
Stroboscopic  work 
Telotypo  oguipmont 


We  con  furnish  on  quantify  orders 
COMBINATIONS  of  any  two  of  the 
following  speeds: 

600  R.P.M. 

900  R.P.M. 

1200  R.P.M. 

1800  R.P.M. 

3600  R.P.M. 

Instantly  reversible  with  D  P  D  T. 
switch!  H  P.  ratings  1/ISO  to  1/30 
depending  on  speed  combination  se¬ 
lected.  Round  Frame,  Resilient 
Mount,  Rigid  Bose. 

The  hysteresis  design  of  these  new 
Synchronous  Motors  lowers  noise  and 
vibration  level  to  a  fraction  of  that 
normally  present  in  conventionol  soli- 
ent  pole  construction.  Unoffected  by 
load  inertia. 

These  Hysteresis  Motors  ore  now 
standard  equipment  on  many  high 
quality  Recorders. 

What  ore  your  requirements? 


lASURN  AIR  DlVKtS,  me 

130  flATBUSH  AVENUE 
•  ■OOKIYN  17,  NEW  YOIK 
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at  Pennsylvania  State  College,  was 
recently  named  associate  professor 
at  Illinois  Institute  of  Technology. 


R.  Jack  West,  associated  with 
Wired  Radio  of  Canada  Ltd.  since 
1986,  was  recently  appointed  vice- 
president  of  the  company. 


Charles  A.  Nuebling,  formerly 
with  Servo  Corp.  of  America  and 
Sperry  Gyroscope  Co.,  is  now  di¬ 
rector  of  electronics  for  W.  L. 
Maxson  Corp.,  New  York  City, 
which  recently  expanded  its  engi¬ 
neering  activities  to  include  radar 
and  associated  high-frequency  re¬ 
search  and  development. 


George  M.  Lebedeff,  quality  control 
specialist  and  formerly  chief  engi¬ 
neer  of  Heintz  &  Kaufman  Ltd., 
has  joined  Lenkurt  Electric  Co., 
San  Carlos,  Calif.,  as  a  carrier 
engineer. 


FlEXITIP  — 

easily  formed. 


5  SECOND 
HEATING  — 

no  woifino, 
saves  power. 


SOLOERLITE 
—  spotlights 
the  work. 


if  Of  course  those  are  Clarostal 
wire-wound  potentiometers  and 
rheostats  in  the  best  radio-elec¬ 
tronic  assemblies  —  in  fine 
instruments  —  in  broadcasting 
.station  and  network  control  rooms. 


DUAL  HEAT 
— single  heot 
lOOwotts.duol 
heat  I00-I3S 
watts;  110 
volts,60cycles. 


Clarostat  Series  58  (illustrated) 
controls  are  standard  with  critical 
equipment  builders  and  users,  be¬ 
cause  of  positive  conductivity  and 
minimized  "noise",  smoother 
rotation,  longer  life. 

Linear:  1  to  50,000  ohms,  3-watt 
rating.  Tapered,  5  to  25,000  ohms, 
2-watt  rating.  Maximum  resistance 
lor  any  10%  change  of  total  rota¬ 
tion,  5,000  ohms.  Tolerance,  10% 
plus/minus  of  total  resistance  and 
linearity,  standard;  to  1%,  special. 


G.  M.  Lebedeff  L.  Marton 

Ladislaus  Marton,  chief  of  the 
electron  physics .  section.  National 
Bureau  of  Standards,  has  spent  the 
summer  in  Europe  surveying  cur¬ 
rent  work  in  the  field  of  electron 
microscopy. 


That's  all  the  time  it  takes  for  a  Weller 
Soldering  Gun  to  heat.  Pull  the  trigger 
switch,  make  contact,  and  you  solder.  Then 
releose  the  trigger  and  off  goes  the  heat — 
automatically.  No  wosted  time.  No  wasted 
current.  No  need  to  unplug  the  gun  between 
jobs.  The  Weller  Gun's  Flexitip  heats  only 
when  in  use  —  no  retinning  or  red.ressing 
when  properly  used  with  genuine  Weller 
Tips.  This  intermittent  5-second  heating  saves 
hours  and  dollars — your  Weller  Gun  will 
pay  for  itself  in  a  few  months. 

Other  odvantoges?  Just  check  the  fea¬ 
tures  of  the  Weller  Gun  illustrated.  See 
why  it's  called  the  "handful  of  soldering 
convenience". 

Solderlite,  extra  length,  and  the  easily 
shaped  Flexitip  means  real  soldering  ease. 
And  because  the  transformer  is  buill  in — 
not  separate — the  Weller  Gun  is  a  com¬ 
plete,  self-contained  unit,  compact,  conve¬ 
nient,  safe. 

For  laboratory  and  maintenance  work, 
we  recommend  the  efficient  8"  model — 
DX-8  with  dual  heat;or  4  "  types  S-107  single 
heat  and  D-207  dual  heat.  Order  from 
your  distributor  or  write  for  bulletin  direct. 


Leonard  Milton,  formerly  senior 
engineer  at  Solar  Mfg.  Corp.,  North 
Bergen,  N.  J.,  is  now  chief  engi¬ 
neer  at  Filtron  Co.,  Inc.,  Bayside,* 
New  York. 


Descrip¬ 
tive  buiie- 
tin  118  on 
request.  Let 
us  quote 
on  your 
needs. 


Harold  W.  Schaefer,  until  recently 
in  charge  of  engineering  develop¬ 
ment  and  research,  has  been  ap¬ 
pointed  assistant  manager  of  the 
Westinghouse  Home  Radio  Division, 
Sunbury,  Pa.  During  the  war  he 
was  associated  with  the  OSRD  in 
charge  of  engineering  manufactur¬ 
ing  of  the  proximity  fuze. 
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WELLER 

WW  MANUFACTURING  COMPANY 

606  Packer  Street  •  Easton,  Pa. 


R.  W.  Ferrell,  former  counsel  for 
General  Electric’s  Electronics  De¬ 
partment  at  Syracuse,  N.  Y.,  has 
been  appointed  assistant  manager 
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CftTAtOG 


perl  Service 
Engineers 


Compiete 

for  Ra< 


ALLIED  RADIO 


FREQUENCY  (KC) 

Lenkurt  Trancors  are  now  being 
made  to  the  remarkable  Q  char¬ 
acteristics  above.  Infinite  care 
is  required  to  make  such  parts. 
Available  in  a  broad  variety  of 
low-cost  standard  cores  and 
assemblies,  or  special  items. 

Write  for  catalog 

LENKURT  ELECTRIC  CO 

SAN  CARLOS,  CALIFORNIA 


Outstanding 

Core 

Performance 


Focus  attention  at  the  point  of  sale  with 
Ceatral’s  custom-built  "spot”  merchan¬ 
disers.  These  self-suflScient  silent  sales¬ 
men  identify  your  product,  create  a  de¬ 
sire  for  it  .  .  .  and  sell !  Any  size,  shape 
or  style  can  be  created  for  you  by  our 
master  designing  department  .  .  .  creat¬ 
ors  of  metal  products  and  displays  for 
top  manufacturers  for  over  36  years. 

Write  today  for  detriptive  folder. 


LENKURT  KNOWS  HO 


referrei 


You’ll  find  everything  you  need  in  radio  and 
electronic  equipment  for  laboratory  and 
development  work,  in  the  new  180-page 
ALLIED  Catalog.  Rely  on  one  dependable 
source  for  the  world's  largest  stocks — thou¬ 
sands  of  parts,  tubes,  tools,  books,  test  in¬ 
struments,  sound  apparatus — ready  for  in¬ 
stant  expert  shipment  at  lowest  market  prices. 
Write  today  for  your  FREE  copy  of  ALLIED’s 
newest  Buying  Guide. 


s  ...  if  it's  the  right  coil 

The  right  coil,  free  from  defects, 
tested  by  capable  inspectors,  and 
properly  manufactured  to  fit  each 
job  specification  is  the  DANO  COIL 
Engineers  know  that  Dano  quality 
means  profit  in  a  coil. 

fvery  /oi>  made  to  indhridual  specification. 
TRANSFORMERS  MADE  TO  ORDER 


AUIED  RADIO  CORP.,  Dept.  11.K-R 
•33  W.  Jackson  Mvd.,  Chicago  7,  111. 

□  Send  FREE  New  ALLIED  Catalog. 

Same . 

Address . 
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THE  BARRY  CORPORATION 

I  N  lAItT  CO  . 

^  177  SIDNEY  '.TREET 

CAMBRIDGE,  MASS. 


lARTER  OF  A  CENTURY 


'T  J;  VaTO-'^ 

0«''^  -WYO  .«  iri*'***'*^ 


A»o'*'r 


Borrymount 
Typ*  M.114 
Standard  Aircraft 
1^  Mounting  Rack  for 
Electronic  Equip¬ 
ment.  Sizes  per 
Specification  JAN- 
C-172. 


BARRYMOUNTS  Control 
VIBRATION  and  IMPACT 


NEWS  OF  THE  INDUSTtY  (conHneed) 

of  tha  receiver  division  at  Electron¬ 
ics  Park. 

Edwin  F.  Stevens,  formerly  chief 
engineer  of  International  Electron¬ 
ic  Laboratories  and  Lon-Ga-Tone, 
Inc.,  is  director  of  sales  engineer¬ 
ing  and  research  of  the  newly 
formed  client  research  department 
at  Mayflower  Electronic  Devices, 
Inc.,  West  New  York,  N.  J. 

Hobart  C.  McDaniel,  formerly 
commercial  engineer  with  Westing- 
house  Lamp  Division  in  Bloomfield, 
N.  J.,  has  been  appointed  manager 
of  the  technical  press  service  in  the 
public  relations  department  of 
Westinghouse  Electric  Corp.,  Pitts¬ 
burgh,  Pa. 

A.  A.  Emlen,  formerly  vice-presi¬ 
dent  in  charge  of  engineering  at 
American  Transformer  Co.  and 
then  at  Newark  Transformer  Co., 
has  joined  the  engineering  staff  of 
the  Peerless  Electrical  Products 
Division  of  Altec  Lansing  Corp., 
New  York  City. 


Maxwell  K.  Goldstein,  a.ssociated 
with  the  Naval  Research  Laboratory 
since  1939,  has  been  named  to  or¬ 
ganize  and  direct  the  Programs  Re¬ 
search  Unit  of  the  Research  Group 
of  the  Office  of  Naval  Re.search.  He 
holds  the  Distinguished  Civilian 


.  .  .  with  special  emphcnis 
on  the  field  of  electronics 


We  offer  a  complete  line  of  highly  engineered  Vibra¬ 
tion  and  Impact  isolators  for  commercial,  industrial, 
and  military  applications  . . .  also  an  engineering  con¬ 
sulting  service  on  special  problems. 

Catalog  on  Raquest 


A  letter  from  you  will  give  us 
the  opportunity  to  demonstrate 
how  we  con  help  you. 


Benjamin  A.  Fisher,  formerly  pro¬ 
fessor  of  electrical  engineering  at 
the  University  of  Denver,  was  re¬ 
cently  appointed  assoidate  profes¬ 
sor  at  Illinois  Institute  of  Technol¬ 


ogy. 
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A.  A.  Emlen  A.  E.  Cullum.  Jr. 

A.  Earl  Cullum,  Jr.  has  been 
awarded  the  Pre.'iidential  Certifi¬ 
cate  of  Merit  for  meritorious  serv¬ 
ice  from  August  1942  to  February 
1946  in  his  work  in  radio  and  radar 
countermeasures  as  a.s.suciate  direc¬ 
tor  of  the  Radio  Research  Labora¬ 
tory  at  Harvard  University. 
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Soldetron 


Trad«  Mark  Rtg.,  U.S.  Pat.  Off.,  Pol.  Pond. 


For  transmitters 
of  Public  Address 
Outfits;  Mobile  or 
Yocbt  Installa¬ 
tions.  Output  SOO 
Volts  at  200  MA 
continuous  or  400 
MA  intermittent. 


4  TERRIFIC  BUYS! 


TO  YOUR  SPECIFICAnONS  j  LONG  OR  SHORT  RUNS 


any  quantity 
any  material 
any  finish 


F«r  prices  aad 
delivery  send 
blue^priat  or 
sanple. 


Enrioud  And  check  (or  money  order)  □  In  (uH  □  20% 
deeoeit,  bal.  COD  lor  the  followino: 

Send  me  FREE  ECA  Bareaia  Bulletin. 

. FM  Sit-  Generator  $34.95  . Dynametor  $5.N 

. AM  Sig.  Generator  $32.50  . Intercom  $14.95 


INTERCOM  SYSTEM  $14.95 

Master  and  sub  in  black  plastic  with  50  feet  of 
cable.  Hos  4"  PM  weaker  and  J  tube  amplifier. 
105-125  Volts.  AC-DC.  (formerly  priced  at  $37.50} 
lots  of  6  -  $12.95 
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Input  12  or  24  —  — ' 

Volts.  DC.  Type  PE  135AX;  power  supply  for  BC223. 
All  Items  Backed  by  CCA  with  BMA  Guarantee 
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IONICS 


MOVML  A* 

Actmol  etae  Wuetroted 


IDEAL  FOR  USE  WITH 


1  OZ.  BATTERIES 

(Smaller  Than  2  Pen-Uehta) 


THE  VITAMITE  COMPANY 

227  West  A4th  Street  New  York  23,  N.  Y. 


lie  W.  RUIY  AVE.  •  PALISADES  PARK.  N.  J. 


REVOLUTIONARY  New  SOLOERING  IRON 


RECHARGEABLE  •  NON-SPILL 


Miniature  And  Sub-Minioture  Filament  Type  Tubes 
for  HEARING  AIDS,  PORTABLE  EQUIPMENT,  ETC 


LARGER  MODELS  ALSO  AVAILABLE 
Write  ter  Doto  and  Literature 


e  Weiohs  only  1  eeeces,  yet  it  con  do  the  ieb  of  a 
200  wett  tree 

e  Readily  ieterchengeeble  tip-heads;  ea  cloaaieg  or 
filine. 

e  Easy  fe  om  for  every  type  of  lelderieg. 


Fingertip  control  .  .  .  Permits  long 
periods  of  soldering  without  fatigue 
.  .  .  High  working  output  .  .  . 
Low  current  drain. 


WASHSKS  •  SMALL  STAMPiNGS  •WIRE  PARTS 


FM  and  TELEVISION  SWEEP 
SIGNAL  GENERATOR  $34.95 

Accurate! — Aligns  FM  and  television  receivers. 
Frequency  range  2-227  MC.  Output  modulated 
or  unmodulated.  High  frequency  insulation  through¬ 
out,  huilf-in  power  line  filter  and  special  Midlino 
capacity  tuning  condenser.  Easy  to  operate— eso 
it  to  adjust  to  new  TV  chonncis.  AC  only.  Eacep- 
tienol  opportunity  to  purchase  instrument  of  this 
kind  direct  from  manufacturer  at  a  tremendous 
saving!  _ 

am  SIGNAL 

I  GENERATOR 

M  .‘.1  Frequency  cov- 

n  erogc  100  KC, 

75  MC  Ultm 

X  ^HK  1  SiQDlC  2  iCrni* 

inol  RF  oscillo- 

^  ^  ^  internal 

IlN®  modulator.  3 

1 . -  ,^p  gy  attenu¬ 

ator.  Cathode  follower  output  tube.  AC  only.  An 
indispensable  service  shop  instrument. 


S’hrffrn  fHauufarturtu^  (Cn. 


Roody  for  ottoebment 
ond  operation  on  110  V 
A.C.,  50-60  cyclos, 
througb  transformer 
supplied  with  iren,  er 
6-1  volt  A.C  or  O.C. 
without  transformer 
(from  on  automobile 
battery). 


Overall  site  914"  a 
15/16";  ship.  wt.  op- 
pros.  4  lbs. 


IDEAL  FOR  PRECISION 
WORK:  Uvroluttonary  In 
dn.isn,  thi.  rratberwriKhI  prrd- 
airiu  Iron  baa  all  the  adtaniasm  of 
llabi  wi-labi  and  small  atie,  mak- 
Ins  it  ideal  for  fine  eracltlon  work 
In  “kard.te-raaeh’*  Nacaa. 


NEW  FEATURES:  Weigba  only 
3  uuncea  .  .  .  Heats  us  In  20  sae- 
ond.  from  a  cold  .tart  .  .  . 
Fingertip  button  permit,  oontrol 
or  temperature  to  nitt  any  opera¬ 
tion  .  .  .  Retain,  kml  with 

mvltch  a*  ug  to  ana  minute,  then 
reuuire.  only  S  aecontls  to  reheat 
tor  operation  at  maximum  effl- 
cieney  .  .  .  Ilakellte  handle  with 
cork  eoverlng  Insurea  comfortable 
enel  grip. 


KPKH’IKNT.  KCUNOMICAI,:  The  "Soldetron”  pays  for  itself  In  a  few  months 
.  .  .  Iiiifriiiiiifiit  oontrol  feature  minimlzee  tip  corrosion  and  eliminates  the 
need  for  frequent  cleaning  .  .  .  Long,  thin  tip  permits  soldering  in  inaccessible 
places  as  In  instrument  work,  etc.  .  ,  .  Tip-heads  are  Interchanged  In  a  JKTy  .  .  . 
Various  tyiies  are  available,  and  can  be  removed  and  Inserted  In  one  easy  motion 
.  .  No  more  fuasiiig  wllb  frosen  lips  .  .  .  Heater  element  ia  in(x>rporated  in 
each  tip-head  .  .  .  To  test  the  life  of  the  tip-heads  they  were  heated  to  approxi¬ 
mately  M00°K. ;  during  this  severe  test,  the  tip-heads  did  not  burn  out. 

PRICE,  including  tronsformer  and  Tip-Head  "A",  $13.95. 

See  your  distributor,  or  tor  further  Morntailon  wrfte  fa: 

TRANSVISION,  INC.,  d«  .  d  NEW  ROCHELLE,  N.  Y. 
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SUPERIOR 


ACTUAL  SIZE 


AVAILABLE 
NOW  WITH 


CAPTIVE  HEAD 


WOLIUTON  PltOC($S  WIDE 


drawn  os  small  as  .000010"; 
Made  to  your  specifkotions 
for  diometer  and  resistance 


WRITE  for  list  of  products. 


Service  award  for  his  work  on  the 
radio  direction  finder  and  a  com¬ 
mendation  from  the  Chief  of  Naval 
Research  for  his  contribution  to  na¬ 
vigation  systems  in  all-weather  fly¬ 
ing. 


Carl  D.  Pierson,  Jr.  has  been  ap¬ 
pointed  instructor  in  electrical  en¬ 
gineering  at  Illinois  Institute  of 
Technology.  From  1941  to  1948  he 
was  senior  engineer  and  division 
engineer  of  the  Belmont  Radio 
Corp.  in  research  and  development. 


Leander  W.  Matsch,  former  super¬ 
visor  in  electrical  engineering  re¬ 
search  at  the  Armour  Research 
Foundation,  is  the  recently  appoint¬ 
ed  professor  of  electrical  engineer¬ 
ing  at  Illinois  Institute  of  Technol¬ 
ogy. 


A.  M.  Zarem,  inventor  of  the  Zarem 
camera  used  in  the  photographic 
microtime  technique  developed  at 
the  Navy  Test  Station  in  Pasadena, 
Calif.,  has  been  appointed  chairman 
of  physics  research  and  manager  of 
the  new  ^s  Angeles  Division  of 
the  Stanford  Research  Institute. 


The  Superior  Electric  Com¬ 
pany  has  developed  this  bind¬ 
ing  post  to  give  complete 
insulation,  30  ampere  current 
capacity  and  1000  volt  work¬ 
ing  voltage.  The  captive  Vi' 
hexagonal  head  eliminates 
fumbling — makes  a  fast,  com¬ 
plete,  multi-purpose  electri¬ 
cal  connector. 


Ray  Davis  Kell,  director  of  tele¬ 
vision  research  at  the  RCA  Labora¬ 
tories,  Princeton,  N.  J.  was  the 
1948  recipient  of  the  Stuart  Ballan- 
tine  Medal  of  the  Franklin  Institute 
for  outstanding  pioneer  work  in 
television  and  for  his  efforts  in  the 
development  of  color  television. 


1.  Purmanunt  clamping  of  wire  up  to 
^12  through  center  hole. 

2.  Looping  of  wire  around  center  shaf: 
and  clamping. 

3.  Plug-in  of  standard  V'  banana  plug. 

4.  Clip-lead  connection  by  turning  hex¬ 
shaped  head  to  end  of  shaft. 

5.  Spade  lug  connection. 

The  5-WAY  Binding  Post, 
available  in  tough  red  or 
black  phenolic  plastic,  is  of¬ 
fered  for  immediate  delivery. 
Write  for  descriptive  litera¬ 
ture  today. 


METEOR  HUNTER 


THE 

SUPERIOR  ELECTRIC, 

\  COMPANY 

\  410  Meadow  Street 

L  BRISTOL,  CONN. 


iHMib  cutta  mi 

4^  Lsa  W  ^  liCCs  I'iinil; 
til* CL-  /aix 


Electronic  matcd-detecting  wheelbarrow 
need  by  H.  O.  Stockwell  for  fragment!  of  a 
meteor  reported  to  have  exploded  in  mid¬ 
air  in  Norton,  Kansas 
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MIRCHANT-MARINE  RADAR . CoY«r 

Equipment  such  os  this,  mode  by  the  Sperry  Gyroscope  Company,  assures  safe,  continuous  operation  of  ships 

THE  PROSPECTS  FOR  UHF  TELEVISION . .  68 

JTAC  report  to  FCC  reveals  problems,  suggests  program 

INTERNATIONAL  BROADCASTING,  by  John  H.  Battison .  70 

Review  of  world-wide  practices  indicates  growth  potential  in  many  countries  outside. of  North  Americo 

ULTRASONIC  THICKNESS  INDICATOR,  by  Benson  Carlin .  76 

Lightweight  instrument  with  cothode-roy  display  is  used  for  production  checking  of  hollow  or  lominoted  items 

HERMETICALLY  SEALED  COMPONENTS,  by  W.  J.  Uiss,  G.  R.  Mnitrwp,  J.  H.  Slaton  nnd  A.  H.  Woynick .  80 

Sealed  plug-in  components  provide  humidity  and  moisture  protection 

ROAD-TESTING  GASOLINE,  by  R.  R.  Proctor .  83 

Tubes  provide  instrumentation  for  rating  automotive  fuels  over  the  entire  speed  range 

COMPOSITE  AMPLITUDE  AND  PHASE  MODULATION,  by  Oswald  G.  Villard,  Jr .  86 

Transmission  similar  to  single-sideband  is  obtained  by  using  a-m  and  p-m  simultaneously 

REGULATOR  FOR  400-CYCLE  INVERTER,  by  Corl  A.  Hulbur . . 90 

Good  regulation  is  provided  by  a  simple  two-tube  drcuit 

SONIC  NAVIGATION  SYSTEM,  by  Stanley  R.  Rich  and  A.  H.  Roeon .  . . .  92 

Coincident  reception  of  two  different  audio  signals  from  underwater  transmitters  guides  ships  through  channel 

LOW-DISTORTION  CROSSOVER  NETWORK,  by  Paul  W.  Klipech .  98 

Analysis  shows  that  proper  location  of  network  reduces  distortion  ond  permits  use  of  erdinory  transformers 

LIGHT-FLASH  GENERATOR,  ^y  R.  G.  Roush  and  Ferdinand  Hamburtar,  ir . 100 

Twin-source  device  provides  continuously  variable  flash  repetition  rate  and  duration 

MOBILE  SELECTIVE  CALLING,  by  E.  H.  B.  Bartelink . 103 

New  inexpensive  decoder  for  dialling  radiotelephone  subscribers 

MICROPHONE  CALIBRATOR,  by  D.  H.  Bastin . 106 

Sound-pulsing  technique  permits  recording  sensitivity  and  frequency  response  without  ancckoic  chamber 

DESIGN  OF  A  NAVAL  COMMUNICATION  STATION,  by  David  Baker . 110 

Unit  designed  for  future  expansion  employs  several  new  architectural  and  structural  ideos 

STABILIZING  SERVOMECHANISMS,  by  Donald  McDonald .  112 

'  Straightforward  laboratory  method  for  determining  constants  of  compensoting  network  for  servomechanisms 

F-M  AND  TELEVISION  RECEIVING  ANTENNAS,  by  George  P.  Kearse . 118 

Tabulation  of  characteristics  of  six  types,  with  plain  and  folded  dipole  versions  of  each 
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better  components 
build  better 

REPUTATIONS 


No  product  is  better  than  its  weakest  com¬ 
ponent.  This  is  why  more  and  more  manufac¬ 
turers  now  use  EL-MENCO  mica  capacitors. 
Rather  than  risk  their  reputations  on  inferior 
-components  they  antcmatically  specify  £l-Menco 
—  the  mica  capacitor  with  the  kind  of  per¬ 
formance  that  always  gives  customer  satisfac¬ 
tion  and  builds  better  reputations.  ^ 
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